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Description 

BACKGROUND OF THE INVENTION 

[0001] In the course of periodontal disease, infection 
of gingival tissue by plaque bacteria causes the liga> 
ments attaching the gum and teeth to recede, decalci- 
fies the bony structure holding the teeth roots to the 
bone, and forms periodontal pockets in the gingival tis- 
sue adjacent the teeth. Successful periodontal restora- 
tion is known to occur if periodontal ligament cells are 
allowed to colonize root surfaces preferentially over gin- 
gival epithelial cells, gingival fibroblasts or osteoblasts. 
Surgery alone, however, does not result in restoration 
of lost periodontium. 

[0002] In an attempt to promote and achieve perio- 
dontal restoration, implant techniques have been devel- 
oped. For example, microporous membranes, such as 
the Millipore® filter and GORE-TEX® membranes, have 
been developed for use in periodontal tissue regenera- 
tion. Typically, the periodontal flap is cut, and the micro- 
porous membrane is surgically inserted to cover the sur- 
face of the tooth root and to physically occlude epithelial 
cells from apically migrating along the root surface. 
[0003] These membranes have several drawbacks. 
Besides providing variable results, a second surgical 
entry is needed to remove the membrane after tissue 
regeneration has been achieved because the mem- 
branes are not biodegradable. There is also a higher In- 
cidence of infection in connection with their use. 
[0004] To preclude surgical removal of an Implant, 
membranes made of bioabsorbable material, such as 
microfibrillar collagen, polylactic acid, and polygalactin 
(Vicryl® ) mesh have been used. Fitting and positioning 
these membranes to the Implant site is cumbersome 
and time-consuming, and the therapeutic effect of these 
membranes has been unpredictable. In addition, the 
degradation time of membranes composed of collagen 
has been variable, and the risk of adverse immunolog- 
ical reaction to this foreign protein material in the body 
presents a major concern. 

[0005] A liquid system containing a biodegradable 
polymer has been developed wherein the solution Is In- 
jected into an implant site, and solidifies in situ to form 
a biodegradable implant having a solid microporous ma- 
trix. Advantageously, the Implant does not require sur- 
gical removal. However, controlled delivery and contain- 
ment of a liquid system within a particular area within 
the Implant site is difficult, and the liquid may spread to 
areas other than the implant site. 
[0006] Therefore, there is a need for an article which 
will facilitate the controlled placement In an Implant site 
of a liquid polymer solution forfomriing an implant A fur- 
ther need is to develop a precursor to a solid implant 
which is neither alt-liquid nor all-solid but will solidify In 
situ to form a solid microporous implant. There is also a 
need for a precursor to a solid Implant that can be ap- 
plied to a tissue defect in an animal and shaped or mold- 



ed in situ to confomi to the defect. Yet another need Is 
to develop In vivo and ex vivo methods of making an 
Implant precursor having such characteristics. 

5 SUMMARY OF THE INVENTION 

[0007] These and other goals are achieved by the 
present invention which is directed to an implant precur- 
sor for implantation in an animal, such as a human or 

10 other mammal, which will eventually harden in situXo a 
solid implant having a microporous matrix. The inven- 
tion also provides a method of making and using the im- 
plant precursor. An apparatus is also provided tor fonn- 
ing an Implant precursor ex v/vo. and a kit containing the 

15 apparatus. 

[0008] The Implant precursor is a two-part structure 
composed of an outer sac with a liquid content. The im- 
plant precursor is composed of a biocompatible, biode- 
gradable and/or bioerodible, water-coagulable thermo- 

20 plastic polymer or copolymer which Is substantially in- 
soluble In an aqueous media, and a pharmaceuticaliy- 
acceptable, water-soluble organic solvent. The two-part 
structure of the implant precursor Is formed by contact- 
ing a portion of a water-coagulable polymer solution with 

25 water or other aqueous medium, whereupon the solvent 
dissipates into the aqueous medium. This causes the 
polymer on the surface of the portion of polymer solution 
adjacent the aqueous medium to coagulate to form an 
outer sac having a firm consistency ranging from gelat- 

30 inous to waxen-like, while the solution inside the sac (i. 
e., sac contents) remains a liquid. The sac contents of 
the Implant precursor may range in consistency from 
watery to slightly viscous. 

[0009] The implant precursor may be appi led to an im- 

35 plant site in an animal, such as a void, a defect, surgical 
Incision, and the like, in or on a hard or soft tissue. Once 
placed in the Implant site, the Implant precursor even- 
tually foniis a solid microporous implant by the dissipa- 
tion of the organic solvent into surrounding tissue fluids 

40 and the further coagulation of the polymer. Preferably, 
the matrix of the resulting Implant has a two-layered 
pore structure with a highly porous inner core portion 
and a comparatively less porous outer surface layer or 
skin. Pores are formed in the solid matrix of the implant 

45 by dissipation of the solvent out of the composition into 
surrounding tissue fluids. Optionally, the implant precur- 
sor may include a separate pore-fomriing agent that is 
capable of generating pores within the polymer matrix 
of the solid implant, as for example, sucrose, sodium 

50 chloride, a cellulose-based polymer, and the like. 

[0010] The resulting solid implant is biodegradable, 
bioabsorbable, and/or bioerodible, and will be gradually 
absorbed into the surrounding tissue fluids, as for ex- 
ample, blood serum, lymph, cerebral spinal fluid (CSF), 

55 saliva, and the like, and become disintegrated through 
enzymatic, chemical or cellular hydrolytic action. Gen- 
erally, the Implant will be absorbed over a period of up 
to about2yearsto about3years, preferably within about 
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1*9 months, preferably within about 60-180 days. The 
innplant may be used, for example, for selective en- 
hancement of cell growth and tissue regeneration, de- 
livery of biologically-active substances to the animal, 
and the like. 5 
[0011] The implant precursor may also include a bio- 
loglcaily-actlve agent, or bioactive agent, as for exam- 
ple, an anti-inflammatory agent, an antiviral agent, an 
antibacterial or antifungal agent useful for treating and 
preventing infections in the implant site, a growth factor, 
a homnone, and the like. The implant resulting from the 
in situ coagulation of the implant precursor, may then 
serve as a system for delivering the biologically-active 
agent to the animal. 

[0012] A release rate modification agent may also be 
included in the implant precursor for controlling the rate 
of breakdown of the implant matrix and/or the rate of 
release of a bioactive agent in Wvofrom the implant ma- 
trix. Examples of suitable substances for inclusion as a 
release rate modification agent include dimethyl citrate, 
triethyl citrate, ethyl heptanoate, glycerin, hexanediol, 
and the like. 

[0013] The invention also includes a method of mak- 
ing the implant precursor. The implant precursor is 
formed In vivo by (a) coating the surface of a suitable 
support substrate with an effective amount of an aque- 
ous medium to form a layer; (b) dispensing onto the 
aqueous layer, an effective amount of a liquid polymer 
solution made of a water-coagulable, biodegradable 
thermoplastic polymer such as poiylactide, polycaprol- 
actone, polyglycolide. or copolymer thereof, and a wa- 
ter-soluble, pharmaceutically-acceptable organic sol- 
vent such as N-methyl-2-pyrrolidone; (c) applying an ef- 
fective amount of an aqueous medium onto the surface 
of the polymer solution; and (d) allowing the polymer ad- 
jacent the aqueous medium to coagulate to form the im- 
plant precursor having an outersac with a liquid content. 
Preferably, the thickness of the implant precursor is con- 
trolled, for example, by compressing the coagulating 
polymer mass between two solid flat surfaces such as 
a glass plate, porous plastic, and the like. The aqueous 
medium is applied onto the surface of the support sub- 
strate and the surface of the polymer solution In a minor 
but effective amount to initiate coagulation of the poly- 
mer to fomn the outer sac of the implant precursor. 
[0014] The precursor is fomned ex vivo by dispensing 
the polymer solution onto a support substrate made, for 
example, from glass, a porous plastic, sintered stainless 
steel, porcelain, bone material, and other like materials. 
[0015] In a variation of forming an implant precursor, 
an amount of the foregoing liquid polymer solution is ap- 
plied to the surface of the support substrate to form a 
line which delineates a boundary around a defined area. 
The implant precursor may then be fonned within the 
confines of the boundary line area. 
[0016] Optionally, a support layer may be applied to 
the tissue surface to provide an adhesive substrate for 
securing the implant precursor onto the surface of the 



tissue defect. Useful substances for forming an adhe- 
sive support layer include, for example, the foregoing 
liquid polymer solution, a water-soluble substance such 
as gelatin, and the like. The support layer may be in the 
form of a bead, a film or coating, and the like, having a 
thickness as desired. 

[0017] The invention also includes an apparatus for 
forming an implant precursor ex vivo. The apparatus is 
preferably a two-part assembly comprising support 
means for maintaining the polymer solution on a surface 
during formation of an implant precursor such as a po- 
rous plate or block, and means for compressing the pol- 
ymer solution during fomriation of the implant precursor. 
Preferably, the support means and compressing means 
are connected together by hinging means positioned 
along one edge of the support means and the compress- 
ing means, such that the compressing means may be 
pivoted and placed onto the polymersolution on the sup- 
port means. The support means and/or compressing 
means are preferably made of a porous material, as for 
example, a porous plastic, sintered stainless steel, por- 
celain, and other like materials which are absorptive to 
water. An aqueous medium is applied as a layer over 
the surface of the support means, the polymersolution 
applied over the aqueous layer, and a second aqueous 
layer is applied over the polymer solution. Preferably, 
two or more spacers such as a washer, are arranged on 
the surface of the support means to form a defined area 
thereinbetween, and the implant precursor is fomned on 
the area between the spacers. The compressing means 
is then positioned overthe support means with the spac- 
ers and coagulating polymer solution sandwiched there- 
inbetween, preferably compressing the coagulating pol- 
ymer mass. The support means and compressing 
means of the apparatus are maintained in a sandwich 
arrangement until the outersac of the implant precursor 
is formed. The support means and compressing means 
are then separated and the resulting implant precursor 
is removed from the apparatus, trimmed as desired, and 
placed Into the implant site. 

[0018] Also provided is a kit containing, in combina- 
tion, the precursor-fonning apparatus, one or more bar- 
rier means, an amount of the aforedescribed polymer 
solution in one or more vials or other containers, and an 
amount of an aqueous medium preferably a phosphate 
buffered saline in one or more vials or other like contain- 
er. The kit may also include a tweezers or other like 
means for picking up the fonned implant precursor; a 
calibrated tweezers or other like means for measuring 
the dimensions of the tissue defect and/or the implant 
precursor; a gridded template or other like means for 
measuring the dimensions of the implant precursor; a 
scalpel, razor or other like means for trimming the im- 
plant precursor to a desired size; and/or a cotton pad or 
other tike means for blotting the aqueous medium from 
the surface of the implant precursor. 
[0019] The implant precursor of the invention can be 
used to treat a tissue defect In an animal. The Implant 



15 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 0 649 662 B1 



6 



precursor may be used, for example, for enhancing cell 
growth and tissue regeneration, wound and organ re- 
pair, nen/e regeneration, soft and hard tissue regener- 
ation, and the like. The foregoing implant precursor is 
applied to the tissue defect and aliowed to coagulate to 
an implant having a solid microporous matrix. 
[0020] As used herein, the term "implant site" Is meant 
to include a site, in or on which the implant precursor is 
formed or applied, as for example, a soft tissue such as 
muscle or fat, or a hard tissue such as bone. Examples 
of implant sites include a tissue defect such as a tissue 
regeneration site; a void space such as a periodontal 
pocket, surgical Incision or other fomned pocket or cav- 
ity; a natural cavity such as the oral, vaginal, rectal or 
nasal cavities, the cul-de-sac of the eye, and the like; 
and other sites into which the implant precursor may be 
placed and formed Into a solid implant. The term "bio- 
degradable" means that the polymer and/or polymer 
matrix of the implant will degrade overtime by the action 
of enzymes, by hydrolytic action and/or by other similar 
mechanisms In the human body. By "bloerodible," It Is 
meant that the implant matrix will erode or degrade over 
time due, at least In part, to contact with substances 
found in the surounding tissue fluids, cellular action, 
and the like. By "bloabsorbable," It is meant that the pol- 
ymer matrix will be broken down and absorbed within 
the human body, for example, by a cell, a tissue, and 
the like. 

[0021] Since the implant precursor does not flow like 
a liquid, it provides easy manipulation and placement of 
a liquid polymer system for fomiing an implant on a se- 
lect area of a tissue defect without the uncontrolled flow 
of the polymer solution outside the area of the implant 
site. The present implant precursor provides a system 
forfonningan implant with a desiredthickness, size, and 
shape. Unlike a solid Implant, the implant precursor is 
easy to manipulate and may be shaped and molded 
within the defect site as it solidifies. Advantageously, the 
moldability of the implant precursor allows it to confomri 
to irregularities, crevices, cracks, holes, and the like, in 
the tissue defect site. In addition, the surface of the im- 
plant precursor is tacky to the touch and tends to remain 
In place where It is applied to a tissue defect. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIGURE 1 is a perspective view of an embod- 
iment of a precursor-forming apparatus of the Invention. 
[0023] FIGURE 2 Is a perspective view of the precur- 
sor-forming apparatus of FIGURE 1 , showing the place- 
ment of a series of spacers thereon. 
[0024] FIGURE 3 Is a side view of the precursor-form- 
ing apparatus of FIGURE 2, showing the placement of 
the aqueous layers and polymer solution layer In the ar- 
ea between the spacers. 

[0025] FIGURE 4 is a side view of the precursor-form- 
ing apparatus of FIGURE 3, showing the apparatus in 
a closed position during formation of an Implant precur- 



sor. 

DETAILED DESCRIPTION OF THE INVENTION 

5 [0026] The present invention provides an implant pre- 
cursor in the form of an outer sac with a liquid content 
for implantation in an animal. The outer sac of the im- 
plant precursor has a firm consistency ranging from ge- 
latinous to moldable and waxen-like. The implant pre- 
10 cursor Is composed of a biodegradable, water-coagula- 
ble, thermoplastic polymer in combination with a water- 
soluble, non-toxic organic solvent. 
[0027] Upon implantation in the body of an animal, the 
organic solvent of the precursor Implant dissipates into 
15 surrounding tissue fluids and the polymer coagulates to 
form a solid, microporous implant. The resulting solid 
Implant has a variety of uses, as for example, a barrier 
system for enhancing cell growth and tissue regenera- 
tion, delivery of biologically-active agents such as drugs 
and medicaments, and the like. 

Polymer Solution 

[0028] To prepare the implant precursor, a liquid pol- 
ymer solution is formulated which comprises a biode- 
gradable, water-coagulable, thermoplastic polymer, 
such as a polylactide, polycaprolactone, polygiycolide, 
or copolymer thereof, in combination with a water-solu- 
ble, non-toxic, organic solvent, such as N-methylpyrro- 
lidone, as disclosed in U.S. Patent No. 4,938,763 to 
Dunn et al. (Issued July 3, 1 990], the disclosure of which 
is incorporated by reference herein. The polymer solu- 
tion may optionally include a pore-forming agent. 
[0029] The polymers or copolymers are substantially 
insoluble in water and body fluids, and biodegradable 
and/or bloerodible within the body of an animal. The im- 
plant precursor and resulting solid implant are biocom- 
patible in that neither the polymer, the solvent nor the 
polymer matrix cause substantial tissue irritation or 
necrosis at the implant site. 

Thermoplastic polymers . Thermoplastic polymers use- 
ful in the liquid polymer solution for forming the implant 
precursor Include phamnaceutically-compatible poly- 
mers that are biodegradable, bioabsorbable, and soften 
when exposed to heat but return to the original state 
when cooled. The thermoplastic polymers are capable 
of substantially dissolving in a water-soluble carrier, or 
solvent, to form a solution. The thermoplastic polymers 
are also capable of coagulating, or solidifying, to form 
an outer sac having a firm consistency ranging from ge- 
latinous to waxen-like, and of eventually coagulating to 
a solid microporous matrix upon the dissipation of the 
solvent component from the polymer solution, and the 
contact of the polymer with an aqueous medium. 
[0030] Thermoplastic polymers that are suitable for 
use in the polymer solution generally include any having 
the foregoing characteristics. Examples are polylac- 
tides, polyglycolldes, polycaprolactones, polyanhy- 
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drides, polyamides, polyurethanes, polyesteramldes, 
polyorthoesters, polydioxanones, polyacetals, polyket- 
als, polycarbonates, polyorthoesters, polyphosp- 
hazenes, polyhydroxybutyrates, polyhydroxyvalerates, 
polyalkylene oxalates, polyalkylene succinates, poly 
(malic acid), poly(amino acids), poly{methyl vinyl ether), 
poly(maleic anhydride), chitin, chltosan, and copoly- 
mers, terpolymers, or combinations or mixtures therein. 
Polylactides, polycaprolactones, polyglycolides and co- 
polymers thereof are highly preferred thermoplastic pol- 
ymers. 

[0031] The thennoplastic polymer Is combined with a 
suitable organic solvent to fomn a solution. The solubility 
or miscibility of a polymer In a particular solvent will vary 
according to factors such as crystallinity, hydrophilicity, 
capacity for hydrogen-bonding, and molecular weight of 
the polymer. Consequently, the molecular weight and 
the concentration of the polymer in the solvent are ad- 
justed to achieve desired solubility. Highly preferred 
thermoplastic polymers are those that have a low de- 
gree of crystallization, a low degree of hydrogen-bond- 
ing, low solubility in water, and high solubility in organic 
solvents. 

Solvents . Suitable solvents for use in the thermoplastic 
polymer solution are those which are biocompatible, 
pharmaceuticaliy-acceptable, miscible with the polymer 
ingredient and water, and capable of diffusing Into an 
aqueous medium, as for example, tissue fluids sur- 
rounding the implant site, such as blood serum, lymph, 
cerebral spinal fluid (CSF), saliva, and the like. Prefer- 
ably, the solvent has a Hiidebrand (HLB) solubility ratio 
of from about 9-13(cal/cm3)^. The degree of polarity of 
the solvent should be effective to provide at least about 
1 0% solubility in water, and to dissolve the polymer com- 
ponent. 

[0032] Solvents that are useful In the liquid polymer 
solution include, for example, N-methyl-2-pyrrolldone, 
2-pyrrolldone, C2 to Cg alkanols, propylene glycol, ace- 
tone, alkyi esters such as methyl acetate, ethyl acetate, 
ethyl lactate, alkyI ketones such as methyl ethyl ketone, 
dialkylamides such as dimethylfomnamide, dimethyl sul- 
foxide, dimethyl sulfone, tetrahydrofuran, cyclic alkyi 
amides such as caprolactam, decylmethylsulfoxide, 
oleic acid, propylene carbonate, aromatic amides such 
as N,N-diethyi-m-toiuamide, l-dodecyiazacycloheptan- 
2-one, and the like. Preferred solvents according to the 
invention include N-methyl-2-pyrrolidone, 2-pyn'o- 
lidone, dimethyl sulfoxide, ethyl lactate, and propylene 
carbonate. 

[0033] A mixture of solvents providing varying de- 
grees of solubility for the polymer components may be 
used to Increase the coagulation rate of polymers that 
exhibit a slow coagulation or setting rate. For example, 
the polymer may be combined with a coagulant-promot- 
ing solvent system composed of a mixture of a good sol- 
vent (i.e., solvent providing a high degree of solubility) 
and a poorersolvent (i.e., solvent providing a low degree 
of solubility) or a non-solvent (i.e., one in which the pol- 



ymer is Insolvent) relative to the polymer component. It 
is preferred that the solvent mixture contain an effective 
amount of a good solvent and a poorer or non-solvent, 
In admixture such that the polymer will remain soluble 
5 while in solution but coagulate upon dissipation or diffu- 
sion of the solvents into surrounding tissue fluids at the 
Implant site. 

[0034] The concentration of polymer in the liquid pol- 
ymer composition will generally accomplish rapid and 

^0 effective dissipation of the solvent and coagulation of 
the polymer. This concentration may range from about 
0.01 gram of polymer per ml of solvent to an about sat- 
urated concentration, preferably from about 0.1 gram 
per ml to an about saturated concentration. 

15 [0035] Upon contact with an aqueous medium such 
as water and the like, the solvent diffuses from the pol- 
ymersolutlon into the aqueous medium. This causes the 
polymer at the surface of the polymer solution and ad- 
jacent the aqueous medium to coagulate to form a two- 

20 part structure comprising an outer sac with a liquid con- 
tent. The liquid content of the Implant precursor may 
range in consistency from watery to viscous. The outer 
sac may range in consistency from gelatinous to an im- 
pressionable, moldable and waxen-like. The resulting 

25 device, or implant precursor, may then be applied to an 
Implant site. Upon implantation, the solvent from the im- 
plant precursor diffuses into the surrounding tissue flu- 
ids to fomi an implant having a solid polymer matrix. 
Preferably, the implant precursor solidifies in situ to a 

30 solid matrix within about 0.5-4 hours after implantation, 
preferably within about 1-3 hours, preferably within 
about 2 hours. 

Pore-formation and pore forming agents . When placed 
Into an Implant site In an animal, the Implant precursor 

35 eventually coagulates to a solid, microporous matrix 
structure. Preferably, the matrix Is composed of a micro- 
porous inner core portion and an outer microporous 
skin. The pores of the Inner core portion are preferably 
substantially uniform and the skin of the solid implant is 

40 essentially non-porous compared to the porous nature 
of the core. Preferably, the outer skin portion of the im- 
plant has pores with diameters significantly smaller in 
size than these pores in the inner core portion. 
[0036] Pores may be formed within the matrix of the 

^5 Implant by several means. The dissipation, disperse- 
ment or diffusion of the solvent out of the solidifying pol- 
ymer matrix into the adjacent tissue fluids may generate 
pores, Including pore channels, in the polymer matrix. 
The dissipation of the solvent from the coagulating mass 

50 creates pores within the solid implant. The size of the 
pores of the solid implant are in the range of about 
1 -1 000 microns, preferably the size of pores of the skin 
layer are about 3-500 microns. The solid microporous 
implant has a porosity in the range of about 5-95%. 

55 [0037] Optionally, a pore-fomiing agent may be In- 
cluded In the polymer solution to generate additional 
pores in the polymer matrix. The pore-forming agent 
may be any pharmaceuticaliy-acceptable, organic or In- 
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organic, water-soluble substance that is substantially 
soluble in water and body fluids, and will dissipate from 
the coagulating polymer matrix and/or the solid matrix 
of the implant into surrounding body fluids at the implant 
site. The porous matrices formed through the inclusion 
of a pore-fomning agent have a pore structure in which 
the pores are substantially similar in size. 
[0038] It is preferred that the pore-forming agent is 
soluble or dispersibie in the organic solvent to fomri a 
unifonn mixture with the polymer, either as a dispersion 
or suspension, or as a solution. The pore-fonning agent 
may also be a water-immiscible substance that rapidly 
degrades to a water-soluble substance. Preferably, the 
pore-forming agent is combined with the thennoplastic 
polymer and solvent in admixture, before the matrix is 
formed. Suitable pore-fonning agents that may be used 
In the polymer composition include, for example, sugars 
such as sucrose and dextrose, salts such as sodium 
chloride and sodium carbonate, polymers such as hy- 
droxylpropylcellulose, carboxymethylcellulose, polyeth- 
ylene glycol, and polyvinylpyrrolidone, and the like. Sol- 
id crystals that will provide a defined pore size, such as 
salt or sugar, are preferred. 

[0039] When the implant precursor is applied to an im- 
plant site, the solvent and/or pore-forming agent dissi- 
pates into surrounding tissue flu ids. This causes the for- 
mation of microporous channels within the coagulating 
polymer matrix. Optionally, the pore-forming agent may 
dissipate from the matrix into the surrounding tissue flu- 
ids at a rate slower than that of the solvent, or be re- 
leased from the matrix over time by blodegradation or 
bioerosion of the matrix. Preferably, the pore-forming 
agent dissipates from the coagulating implant matrix 
within a short time following implantation such that a ma- 
trix is formed with a porosity and pore structure effective 
to pertomri the particular purpose of the implant, as for 
example, a barrier system for a tissue regeneration site, 
a matrix for timed-release of a drug or medicament, and 
the like. 

[0040] Porosity of the solid implant matrix may be var- 
ied by the concentration of water-soluble or water-mis- 
cible ingredients, such as the solvent and/or pore-form- 
ing agent, in the polymer composition, For example, a 
high concentration of water-soluble substances In the 
thermoplastic composition may produce a polymer ma- 
trix having a high degree of porosity. The concentration 
of the pore-fomfiing agent relative to polymer in the com- 
position may be varied to achieve different degrees of 
pore-fomiation, or porosity, in the matrix. Generally, the 
polymer composition will include about 0.01-1 gram of 
pore-fonning agent per gram polymer. 
[0041] The size or diameter of the pores fomned in the 
matrix of the solid implant may be modified according to 
the size and/or distribution of the pore-forming agent 
within the polymer matrix. For example, pore-fomiing 
agents that are relatively insoluble in the polymer mix- 
ture may be selectively included in the polymer compo- 
sition according to particle size in order to generate 



pores having a diameter that corresponds to the size of 
the pore-forming agent. Pore-forming agents that are 
soluble in the polymer mixture may be used to vary the 
pore size and porosity of the Implant matrix by the pat- 
5 tern of distribution and/or aggregation of the pore-fomn- 
Ing agent within the polymer mixture and coagulating 
and solid polymer matrix. 

[0042] Where the implant Is used to promote guided 
tissue regeneration, it is preferred that the diameter of 
the pores In the matrix are effective to deter growth of 
epithelial cells and enhance growth of connective tissue 
cells into the polymer matrix of the Implant. It is further 
preferred that the size of the pores and porosity of the 
matrix of the implant facilitate diffusion of nutrients and 
other growth-promoting substances such as growth fac- 
tors, to cells which have grown into the matrix. Prefera- 
bly, the degree of porosity of the matrix provides an Im- 
plant that is capable of substantially maintaining struc- 
tural integrity for the desired period of time without 
breakage or fracturing during use. 
[0043] To provide an effective implant for bone cell re- 
growth and tissue regeneration, it is pretended that the 
diameter of the pores of the implant is about 3-500 mi- 
crons, more preferably about 3-200 microns, more pref- 
erably about 75-150 microns. It is further preferred that 
the matrix has a porosity of about 5-95%, preferably 
about 25-85%, in order to provide optimum cell and tis- 
sue ingrowth into the matrix and optimum structural in- 
tegrity. 

[0044] Pore diameter and distribution within the poly- 
mer matrix of the solid Implant may be measured, as for 
example, according to scanning electron microscopy 
methods by examination of cross-sections of the poly- 
mer matrix. Porosity of the polymer matrix may be meas- 
ured according to suitable methods known in the art, as 
for example, mercury intrusion porosimetry, specific 
gravity or density comparisons, calculation from scan- 
ning electronic microscopy photographs, and the like. 
Additionally, porosity may be calculated according to the 
proportion orpercent of water-soluble material Included 
in the polymer composition. For example, a polymer 
composition which contains about 30% polymer and 
about 70% solvent and/or other water-soluble compo- 
nents will generate an Implant having a polymer matrix 
of about 70% porosity. 

Biologically-active Agent . Optionally, the polymer solu- 
tion may include a biologically-active agent, eitherslngly 
or in combination, such that the Implant precursor and 
implant will provide a delivery system tor the agent to 
adjacent or distant tissues and organs in the animal. Bi- 
ologically-active agents which may be used alone or in 
combination In the Implant precursor and implant In- 
clude, for example, a medicament, drug, or other suita- 
ble biologically-, physiologically-, or pharmaceutically- 
actlve substance which is capable of providing local or 
systemic biological, physiological or therapeutic effect 
in the body of an animal including a mammal, and of 
being released from the solid implant matrix into adja- 
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cent or surrounding tissue fluids. 
[0045] The bioiogicaliy-active agent may be soluble 
In the polymer solution to form a homogeneous mixture, 
or Insoiuble In the polymer solution to fomn a suspension 
or dispersion. Upon implantation, the biologically-active 
agent preferably becomes incorporated into the implant 
matrix. As the matrix degrades overtime, the biological- 
ly-active agent Is released from the matrix Into the ad- 
jacent tissue fluids, preferably at a controlled rate. The 
release of the biologically-active agent from the matrix 
may be varied, for example, by the solubility of the bio- 
logically-active agent in an aqueous medium, the distri- 
bution of the agent within the matrix, the size, shape, 
porosity, solubility and biodegradablllty of the Implant 
matrix, and the like. 

[0046] The polymer solution, implant precursor and 
Implant Include the biologically-active agent In an 
amount effective to provide the desired level of biologi- 
cal, physiological, pharmacological and/or therapeutic 
effect in the animal. There is generally no critical upper 
limit on the amount of the bloactlve agent Included In the 
polymer solution. The only limitation is a physical limi- 
tation for advantageous application, i.e., the bioactive 
agent should not be present in such a high concentration 
that the solution or dispersion viscosity is too high for 
injection. The lower limit of the amount of bioactive 
agent incorporated into the polymer solution will depend 
on the activity of the bioactive material and the period 
of time desired for treatment. 

[0047] The biologically-active agent may stimulate a 
biological or physiological activity with the animal. For 
example, the agent may act to enhance cell growth and 
tissue regeneration, function in birth control, cause 
nerve stimulation or bone growth, and the like. Exam- 
ples of useful biologically-active agents include a sub- 
stance, or metabolic precursor thereof , which is capable 
of promoting growth and survival of cells and tissues, or 
augmenting the functioning of cells, as for example, a 
nerve growth promoting substance such as a ganglio- 
slde, a nerve growth factor, and the like; a hard or soft 
tissue growth promoting agent such as fibronectin (FN), 
human growth hormone (HGH), protein growth factor in- 
terleukin-1 (IL-1), and the like; a bone growth promoting 
substance such as hydroxyapatite, tricalcium phos- 
phate, and the like; and a substance useful in preventing 
infection at the implant site, as for example, an antiviral 
agent such as vidarabine or acyclovir, an antibacterial 
agent such as a penicillin or tetracycline, an antiparasitic 
agent such as quinacrine or chloroquine. 
[0048] Suitable biologically-active agents for use in 
the invention also include anti-inflammatory agents 
such as hydrocortisone, prednisone and the like; anti- 
bacterial agents such as peniciilln, cephalosporins, 
bacitracin and the like; antiparasitic agents such as 
quinacrine, chloroquine and the like; antifungal agents 
such as nystatin, gentamicin, and the like; antiviral 
agents such as acyclovir, ribarivin, interferons and the 
like; antineoplastic agents such as methotrexate, 



5-fluorouracil, adriamycin, tumor-specific antibodies 
conjugated to toxins, tumor necrosis factor, and the like; 
analgesic agents such as salicylic acid, acetaminophen, 
ibuprofen, flurtDiprofen, morphine and the like; local an- 
5 aesthetics such as lidocaine, bupivacaine, benzocaine 
and the like; vaccines such as hepatitis, influenza, mea- 
sles, rubella, tetanus, polio, rabies and the like; central 
nervous system agents such as a tranquilizer, B-adren- 
ergic blocking agent, dopamine and the like; growth fac- 
to tors such as colony stimulating factor, platelet-derived 
growth factor, fibroblast growth factor, transfomriing 
growth factor B, human growth homnone, bone morpho- 
genetic protein, insulin-like growth factor and the like; 
hormones such as progesterone, follicle stimulating hor- 
15 mone, insulin, somatotropins and the like; antihista- 
mines such as diphenhydramine, chlorphencramine 
and the like; cardiovascular agents such as digitalis, ni- 
troglycerine, papaverine, streptokinase and the like; an- 
ti-ulcer agents such as cimetidine hydrochloride, iso- 
20 propamide iodide, and the like; bronchodilators such as 
metaproternal sulfate, aminophylline and the like; va- 
sodilators such as theophylline, niacin, minoxidil, and 
the like; and other like substances. For other examples 
of biologically-active agents that may be used in the 
25 present Invention, see Applicants' corresponding U.S. 
Patent Application Serial No. 07/783,512, filed October 
28, 1991 , the disclosure of which is incorporated by ref- 
erence herein. 

[0049] Accordingly, the formed implant may function 
30 as a delivery system of drugs, medicaments and other 
biologically-active agents to tissues adjacent to or dis- 
tant from the implant site. The biologically-active agent 
is preferably incorporated into the polymer matrix, and 
subsequently released into surrounding tissue fluids 
35 and to the pertinent body tissue or organ. 

Control of release of the bioactive agent . The rate of 
breakdown of the Implant and/or release of a bioactive 
agent in vivo may be controlled by varying the type and 
molecular weight of the polymer{s), by including a re- 
40 lease rate modification agent, and/or varying the com- 
bination and concentrations of ingredients that comprise 
the polymer solution. 

[0050] The rate of release of a bioactive agent from 
the implant matrix may be modified by varying the mo- 

45 lecular weight of the polymer included in the polymer 
solution. It has been found that for Implant matrices 
fomned through intermediacy of the foregoing liquid pol- 
ymer solution, the release rate of a bioactive agent fol- 
lows a "U" shaped curve as the molecular weight of the 

50 polymer increases. That is, the rate of release of the bi- 
oactive agent will decrease, pass through a minimum, 
and then again increase as the molecular weight of a 
polymer is increased. As a result, a polymer solution can 
be formulated with an optimum polymer molecular 

55 weight range for the release of a bioactive substance 
over a selected length of time. For example, to achieve 
a relatively quick release of a bioactive agent from the 
implant matrix, a polymer molecular weight on either 
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side of the minimum for that particuiar polymer wouid 
be used in the polymer solution. For release of a bloac- 
tive agent over a relatively long period of time, a polymer 
molecular weight at or about the minimum for the par- 
ticular polymer would be preferred. 
[0051] With the present polymer system, the typical 
minimum rate of release of a bloactlve agent from the 
solid implant matrix occurs at an Inherent viscosity (I.V. 
in deciliters/gm) of about 0.2 but can vary depending on 
the ingredients of the polymer solution. To achieve a 
sustained release of the bioactive agent from the im- 
plant matrix, it is preferred to adjust the molecular weight 
of the polymer to at least about 0.1 Inherent viscosity (I. 
V.) or about 2,000 molecular weight as determined by 
gel permeation chromatography (comparison to poly- 
styrene). Typically, acceptable sustained release rates 
are obtained If the molecular weight of the polymer is 
below about 0.8 I.V., or a molecular weight of about 
100,000. More preferably, the molecular weight is ad- 
justed to be within a range of about 0.1-0.5 I.V., for ef- 
fective sustained release. For a poly(DL-lactide) or a 
iactide-co-glycollde system, the desired molecular 
weight range is about 0.1-0.5 I.V. If a molecular weight 
of a specific polymer is chosen from these parameters 
and the release of the bioactive substance is too slow 
or too fast, the rate can be varied simply by determining 
a few experimental points along the U curve for that pol- 
ymer and adjusting the molecular weight accordingly. 
[0052] The molecular weight of a polymer can be var- 
ied by any of a variety of methods known in the art. The 
choice of method is typically detemriined by the type of 
polymer solution being formulated. For example, if a 
thermoplastic polymer Is used that is biodegradable by 
hydrolysis, the molecular weight can be varied by con- 
trolled hydrolysis, such as In a steam autoclave. Typi- 
cally, the degree of polymerization can be controlled, for 
example, by varying the number and type of reactive 
groups and the reaction times. 
[0053] For other examples and further discussion of 
controlling the rate of release of a bioactive agent from 
the implant matrix by varying the polymer composition 
of the polymer solution, see Applicants' corresponding 
U.S. Patent Application Serial No. 07/776,816, filed Oc- 
tober 15, 1991 , the disclosure of which is Incorporated 
by reference herein. 

Release Rate Modification Agents . The polymer solu- 
tion may include a release rate modification agent to 
provide controlled, sustained release of a bioactive 
agent from the solid implant matrix. Although not intend- 
ed to be a limitation to the present disclosure, it is be- 
lieved the release rate modification agent alters the re- 
lease rate of a bioactive agent from the Implant matrix 
by changing the hydrophobiclty of the polymer implant. 
[0054] The use of a release rate modification agent 
may either decrease or increase the release of the bio- 
active agent in the range of multiple orders of magnitude 
(e.g., 1 to 10 to 100), preferably up to a ten-fold change, 
as compared to the release of a bioactive agent from a 



solid matrix without the release rate modification agent. 
For example, naltrexone and doxycycllne are substan- 
tially completely released from a polymer matrix com- 
prised of poly(DL-lactide) within about 2-3 days ex viva 

5 With the addition of a release rate modification agent 
such as ethyl heptanoate which is hydrophobic to the 
polymer solution, and formation of the implant matrix 
through Interaction of the polymer solution and an aque- 
ous medium, the release rate of naltrexone or doxycy- 

10 cline can be slowed to produce substantially complete 
release of the drug within about seven days. With the 
inclusion of a greater amount of a release rate modifi- 
cation agent into the polymer solution, the time period 
of the release can be increased to about fourteen days. 

15 other release rate modification agents which are hy- 
drophilic such as polyethylene glycol may increase the 
release of the bioactive agent. By an appropriate choice 
of the polymer molecular weight in combination with an 
effective amount of the release rate modification agent, 

20 the release rate and extent of release of a bioactive 
agent from the implant matrix may be varied, for exam- 
ple, from relatively fast to relatively slow. 
[0055] Useful release rate modification agents in- 
clude, for example, organic substances which are wa- 

25 ter-soluble, water-miscible, or water insoluble (i.e., wa- 
ter immiscible), with water-Insoluble substances pre- 
ferred. The release rate modification agent is preferably 
an organic compound which will substitute as the com- 
plementary molecule for secondary valence bonding 

30 between polymer molecules, and increases the flexibil- 
ity and ability of the polymer molecules to slide past each 
other. Such an organic compound preferably includes a 
hydrophobic and a hydrophilic region so as to effect sec- 
ondary valence bonding. It is preferred that a release 

35 rate modification agent is compatible with the combina- 
tion of polymers and solvent used to formulate polymer 
solution. It is further preferred that the release rate mod- 
ification agent is a pharmaceutically-acceptable sub- 
stance. 

40 [0056] Useful release rate modification agents in- 
clude, for example, fatty acids, triglycerides, other like 
hydrophobic compounds, organic solvents, plasticizing 
compounds and hydrophilic compounds. Suitable re- 
lease rate modification agents include, for example, es- 

^5 ters of mono-, dl-, and tricarboxylic acids, such as 
2-ethoxy ethyl acetate, methyl acetate, ethyl acetate, di- 
ethyl phthalate, dimethyl phthalate, dibutyl phthalate, 
dimethyl adipate, dimethyl succinate, dimethyl oxalate, 
dimethyl citrate, triethyl citrate, acetyl tributyl citrate, 

50 acetyl triethyl citrate, glycerol triacetate, di(n-butyl) se- 
becate, and the like; polyhydroxy alcohols, such as pro- 
pylene glycol, polyethylene glycol, glycerin, sorbitol, and 
the like; fatty acids; triesters of glycerol, such as triglyc- 
erides, epoxidized soybean oil, and other epoxidized 

55 vegetable oils; sterols, such as cholesterol; alcohols, 
such as Cg-C^2 alkanots, 2-ethoxyethanol, and the like. 
The release rate modification agent may be used singly 
or in combination with other such agents. Suitable com- 
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binatlons of release rate modification agents include, for 
exannple, glycerln/propylene glycoi, sorbitoi/giycerine, 
ethylene oxide/propylene oxide, butylene glycol/adipic 
acid, and tlie ilke. Preferred release rate modification 
agents include dimethyl citrate, triethyi citrate, ethyl 5 
heptanoate, glycerin, and hexanediol. 
[0057] The amount of the release rate modification 
agent included in the polymer solution will vary accord- 
ing to the desired rate of reiease of the bioactive agent 
from the impiant matrix. Preferabiy, the polymer solution 
contains about 0.5-15%, preferably about 5-10%, of a 
reiease rate modification agent. 
[0058] For other examples and further discussion of 
reiease rate modification agents, or rate modifying 
agents, tor use in the present invention, see Applicants' 
corresponding U.S. Patent Application Serial No. 
07/776,816, filed October 15, 1991, the disclosure of 
which is incorporated by reference herein. 
Other factors for release rate modification . The release 
rate of the bioactive agent from the implant matrix may 
also be adjusted by varying the concentration of the pol- 
ymer in the polymer solution. For example, the more di- 
lute the polymer concentration, the more readily the bi- 
oactive agent will be released from the implant matrix. 
For example, in a system containing about 5% flurbipro- 
fen and a polymer concentration of about 55% poly(DL- 
lactide), a cumulative release of about 11 .4% at day 1 
and about 23% at day 7 may be provided. With a poly- 
mer concentration of about 45%, the cumulative percent 
release is about 23% at day 1 and about 40% at day 7. 
[0059] This effect can be used in combination with 
other means to more effectively control the release of 
the bioactive agent from the implant matrix as desired. 
For example, by adjusting the concentration of the pol- 
ymer and/or the bioactive agent, together with control of 
the molecular weight and the amount of the release rate 
modification agent, a wide range of release rates can 
be achieved. 

[0060] The release rate of a bioactive agent from the 
Implant matrix may also be varied by the addition of ad- 
ditives such as a pore forming agent, as discussed here- 
in. 

Formation of the Implant Precursor 

[0061] A number of methods may be used to fomn the 
implant precursor. In general, the implant precursor is 
formed by dispensing a portion of the liquid polymer so- 
lution onto the surface of a support substrate. An aque- 
ous medium is then placed In contact with the polymer 
solution. Solvent then diffuses out of the polymer solu- 
tion and the aqueous medium diffuses Into the solution. 
This causes coagulation of the polymer adjacent to the 
aqueous medium to form the outer sac of the implant 
precursor. 

[0062] Suitable support substrates include, for exam- 
ple glass, stainless steel, porcelain, solid plastic or po- 
rous plastic. These ex vivo materials may optionally 



have either an attached layer of a different material, 
such as a nylon filter, or a coating or a surface treatment 
or an additive that allows the support to absorb or wick 
an aqueous medium. Aqueous media which can be 
used ex vivo included water and saline solutions. Other 
aqueous media can be used if they cause coagulation 
of the polymer solution and are clinically acceptable. 
[0063] The aqueous medium can be present at the 
surface of the support substrate or inside the support 
substrate prior to the dispensing of the polymer solution 
or the aqueous medium can be applied on top and 
around the polymer solution after it is in place. In this 
last case coagulation of the bottom surface of the poly- 
mer solution requires the aqueous medium to travel un- 
derneath the polymer solution. 
[0064] The amount of aqueous medium used and the 
time that the polymer solution and aqueous medium are 
held In contact depends on the composition of the pol- 
ymer solution and the aqueous medium, the nature of 
the support substrate, the geometry of the apparatus, 
the amount and dimensions of the polymer solution and 
the consistency desired for the impiant precursor. For a 
given procedure and set of materials the consistency of 
the implant precursor can be varied from gelatinous to 
formable and impression-retaining to fairly rigid by In- 
creasing the time the polymer solution and aqueous me- 
dium are in contact. After the implant precursor has 
been formed, the aqueous medium may be removed by 
tipping the support and/or the implant precursor to allow 
the aqueous layer to mn off or by blotting the aqueous 
layer with an absorbent material such as a cotton swab, 
gauze pad or a sponge. The impiant precursor may op- 
tionally then be trimmed to the desired size and shape 
and then placed in the Implant site. It is trimmed and 
implanted Into the animal within about 1 to 60 minutes, 
preferably 1 to 10 minutes, of the conclusion of the co- 
agulation process. If not implanted or placed back into 
contact with an aqueous medium, the implant precursor 
will soften and eventually revert to an all liquid phase, 
typically afterSO - 90 minutes of being formed. This proc- 
ess is caused by an interaction between the outer sac 
layer and the liquid contents. The solvent and aqueous 
medium redistribute in the implant precursor which de- 
stroys the sac fonned in the coagulation process and 
results in one continuous liquid phase. 
[0065] The dimensions of the implant precursor can 
be controlled by a number of methods. It Is preferred 
that the thickness of the implant precursor is about 300 
- 1500 ^m, preferably about 600 - 1200 |im. The length 
and width desired depend on the dimensions of the im- 
plant site in the animal, in the preferred methods the 
thickness Is controlled during the coagulation process 
and the length and width are controlled in a subsequent 
trimming step. The polymer solution is dispensed onto 
a flat support substrate and a second flat piece of sup- 
port substrate Is placed on top of the polymer solution 
and forced down causing the polymer solution to thin 
out and spread until the desired gap between the sup- 
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port substrates is obtained. This gap may be defined by 
spacers which hold the support substrate pieces apart 
or other means. The aqueous medium may be present 
during this process or applied after this process. The co- 
agulation of the polymer solution in this defined space 
results in a sheet of implant precursor material with a 
center section of substantially uniform thiclcness with 
thinner portions at the edges. The implant precursor is 
then cut out of the center section of the sheet using a 
razor blade, surgical prep blade, scalpel or other means. 
This trimming step allows control of the Implant precur- 
sor length, width and shape. 

[0066] Alternate methods of controlling the dimen- 
sions of the Implant precursor Include dispensing the 
polymer solution onto a support substrate on which the 
desired area (i.e., width, length) have been defined by 
some type of barrier. They can be then controlled as pre- 
viously described or by drawing a fiat article such as a 
spatula across the surface of the coagulating polymer 
mass or like means. The polymer solution may also be 
dispensed Into a recessed area or void as, for example, 
in a pre-cast die or mold or template, or other like device, 
which has the dimensions (i.e., width, length, depth or 
thickness) of the implant precursor Additional amounts 
of the polymer solution may be applied to the surface(s) 
or edges of the coagulating polymer mass to adjust the 
dimensions. 

[0067] Various devices may be used to form the Im- 
plant precursor One such device, which may be used 
ex vivo is a "tweezer wiper". A "tweezer wiper" is con- 
structed by attaching a plate with a hole or a wire loop 
to one blade of the tweezer at a right angle to the tweez- 
er blades such that the second blade sweeps across the 
surface of the plate or wire loop when the tweezer 
blades are spread apart. The plate or wire loop is placed 
on the ex vivo support substrate os. that the hole in the 
pate or the inside of the wire loop defines the area for 
the implant precursor The polymer solution is then dis- 
pensed into this area and leveled off to control the thick- 
ness by passing the second blade of the tweezer over 
the polymer solution. An aqueous medium is then ap- 
plied to cause coagulation. Alternatively, the aqueous 
medium is applied prior to the leveling procedure. Once 
the implant precursor is sufficiently coagulated the 
"tweezer wiper" is separated from the substrate. The re- 
suiting implant precursor can then be used according to 
the method of the invention. 

[0068] In another embodiment of the invention , an im- 
plant precursor may be formed ex vivo by forming a 
boundary line on the surface of the support substrate to 
contain the polymer solution within a confined area. To 
form the boundary line on a substrate, an amount of wa- 
ter or other aqueous medium is applied as a coating on 
the surface of the support substrate, the polymer solu- 
tion is dispensed as a line over the water layer to define 
a confined area, and an amount of water is then applied 
to the surface of the polymer solution resulting in surface 
coagulation of the polymer solution. The resulting 



boundary line Is a two-part, tube-like structure made of 
an outer sac with a liquid center. An implant precursor 
may then be formed within the confines of the boundary 
line by dispensing an amount of the polymer solution 
5 onto an aqueous layer coated on the support substrate 
within the boundary line area, and applying an aqueous 
medium to the polymer layer to form the two-part struc- 
ture of the implant precursor 

Implant Precursor-forming Apparatus . According to the 

10 invention, a preferred method for making an implant pre- 
cursor ex vivo is by the use of an apparatus, as shown 
generally in FIGURE 1. It is understood, however, that 
a variety of shapes, sizes and arrangements of the im- 
plant precursor-forming apparatus can be accommodat- 

15 ed according to the invention. 

[0069] FIGURE 1 is a schematic drawing of the pre- 
ferred apparatus design, shown closed as it would be 
during the coagulation process. The apparatus consists 
of a case which consists of upper and lower sections (1 

20 and 2) held together by a hinge (3) on one end and a 
latching mechanism (4 and 5) on the other end. Each 
section contains a sheet of porous hydrophilic plastic (6 
and 7). When the case is closed the two sheets of po- 
rous hydrophilic plastic (6 and 7) are held apart by the 

25 spacers (8 and 9) as shown In FIGURE 1 . This appara- 
tus is used by opening the case and filling the pores in 
the porous hydrophilic plastic sheets (6 and 7) with an 
aqueous medium. The polymer solution Is then dis- 
pensed onto the porous hydrophilic plastic sheet in the 

30 lower half of the case (7) and the case is closed as 
shown In FIGURE 1 . The spacers (8 and 9) define the 
gap in which the polymer solution is held during the co- 
agulation process and therefore control the thickness of 
the implant precursor Once the desired coagulation has 

35 elapsed the case is opened and the implant precursor 
is trimmed and then implanted. 
[0070] FIGURE 2 details the preferred embodiment of 
the general apparatus design shown in FIGURE 1 . The 
components are labeled with the same numbers as in 

40 FIGURE 1 . This embodiment contains one section (10) 
which is not present in FIGURE 1 . It is a trimming grid 
which is a portion of the case bottom (2). The case con- 
sists of an upper and lower section (1 and 2) joined with 
a hinge (3) formed by snapping the two case sections 

"^5 together The case is composed of a gamma resistant 
polypropylene. Alternate case materials which can with- 
stand contact with the polymer solution and sterilization 
by gamma irradiation and are fairly rigid could be used. 
The latch mechanism Is composed of portions (4 and 5) 

50 of the two case sections (1 and 2) which readily snap 
together and apart to allow opening and closing of the 
case and hold the case tightly closed during the coagu- 
lation process. The hydrophilic porous plastic sheets (6 
and 7) are flat, rigid sheets with the hydrophilicity and 

55 porosity needed to allow an aqueous medium to fill the 
pores of the sheet and then allow exchange of the aque- 
ous medium and the solvent between the polymer solu- 
tion and aqueous medium and the solvent between the 
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polymer solution and aqueous medium In the pores dur- 
ing the coagulation process. The porosity of the sheet 
is one factor which controls the rate of coagulation. The 
porous plastic may be of an intrinsically hydrophilic pol- 
ymer or a blend of a hydrophobic polymer blended with 
or treated with a surfactant or other agent which increas- 
es hydrophlllclty. THe material used In the preferred em- 
bodiment is a polyethylene blended with a surfactant. 
The spacers (8 and 9) are rectangles of gamma resist- 
ant polypropylene. 

[0071] The trimming grid (10) is a flat portion of the 
lowercase section (2). Afterthe coagulation process the 
Implant precursor Is placed on the trimming grid where 
It is trimmed to the desire shape, length and width using 
a surgical prep blade, razor blade or other like means. 
The trimming grid has a pattern of 1 mm squares which 
aid in trimming to the desired dimensions. This pattern 
may be present as part of the case itself or printed onto 
the case or printed on a label which is then affixed to the 
case. In the preferred embodiment the pattern is printed 
on a clear label which Is affixed to the underside of the 
case bottom (2). The pattern Is visible through the clear 
to slightly hazy case bottom (2) and the clear label ma- 
terial. Having the label or printing on the underside of 
the case eliminates the possibility of physical or chem- 
ical interaction of the implant precursor and the label or 
printing, 

[0072] The dimensions of the apparatus are depend- 
ent on the desired dimensions of the implant precursor. 
For production of an implant precursor of an approxi- 
mate thickness of 675 \m\ with a length and width of ap- 
proximately 20 mm or less the following approximate di- 
mensions are appropriate. The spacers (8 and 9) are 
675 [im thick, 0.5 cm wide and 2.5 cm long. The porous 
plastic sheets are 4.5 cm long and 3.0 cm wide with a 
thickness of 0.3 cm. The trimming grid pattern (10) is 
3.5 cm by 3.5 cm. The case sections (1 and 2) are ap- 
proximately 7.5 cm by 5 cm with cavities for the porous 
plastic sheets (6 and 7) 30 cm deep. For proper thick- 
ness control the case must be designed to close such 
that the spacers (8 and 9) are tightly held between two 
porous plastic sheets (6 and 7) so that the coagulation 
occurs in a gap which corresponds to the thickness of 
the spacers. 

Adhesive Layer . To enhance adhesion of the implant 
precursor in the implant site, an adhesive layer may be 
applied to the surface of the tissue and the fomned im- 
plant precursor is then placed over the support layer. 
The adhesive layer preferably helps to maintain the po- 
sition of the implant precursor as it coagulates to a solid 
matrix in the implant site. The adhesive layer comprises 
a bioabsorbable, biodegradable and/or bioerodible sub- 
stance capable of adhering to both the surface of the 
tissue defect and to the surface of the implant precursor. 
An adhesive layer may be formed, for example, by ap- 
plying a minor but effective amount of the foregoing liq- 
uid polymer solution in the fonm of a bead or as a coating 
on the surface of the tissue defect. 



Support Layer . To maintain the structure and form of the 
implant precursor a support layer may be applied to the 
surface of the tissue and the fomried implant precursor 
Is then placed over the support layer. Materials suitable 
5 for use in forming a support layer include, for example, 
a natural body material such as a clot of blood or other 
body fluid, a water-soluble substance such as gelatin or 
water-soluble polymer, as for example, polyvinyl pyrro- 
lidone, and other like materials. 
[0073] A support layer of clotted blood may be formed, 
for example, by puncturing the tissue with a needle to 
generate a minor but effective flow of blood which is then 
allowed to clot. A formed implant precursor may be ap- 
plied to the surface of the support layer In the implant 
site. 

[0074] In another embodiment, granules or small 
pieces of a biodegradable porous material such as poly- 
lactic acid, oxidized cellulose or gelatin and the like, may 
be used to fill in a tissue defect or void, and then a 
formed implant precursor may be applied to the granular 
support material. 

[0075] Another useful support layer is a solid matrix 
having a porous, foam-like structure. Such a matrix may 
be provided, for example, by mixing air into the forego- 
ing polymer solution to provide a foam-like consistency, 
and allowing the mixture to coagulate to a matrix having 
relatively large pores and/or cavities. Air bubbles may 
be incorporated into the polymer solution, for example, 
by vigorous stirring the polymer solution, by blowing air 
into the solution using a syringe, and other like means. 
It Is preferred that an aqueous medium Is applied to the 
surface of the foamed mixture to cause the polymer to 
coagulate to form a matrix having large cavities, 
[0076] Large pores may also be provided in a solid 
support matrix by combining the polymer solution with 
a gas-forming agent, as for example, a mixture of citric 
acid and sodium carbonate or bIcariDonate, When con- 
tacted with an aqueous medium, the gas -forming agent 
reacts to form gas bubbles such as carbon dioxide within 
the coagulating polymer matrix. 
[0077] Where a void space is desirable between the 
tissue defect and the solid implant, the support layer is 
preferably formed of a water-soluble, and/or a highly re- 
sorbable material. For example, the support layer may 
comprise a water-soluble substance that will dissolve 
within a few days, as for example an oxidized cellulose 
or gelatin material such as Surgicel^*^ or Gelfoam™, 
commercially available from Johnson & Johnson Com- 
pany and the Upjohn Company; a water-soluble poly- 
mer such as polyvinyl pyrrolidone, polyethylene glycol, 
and hydroxypropyl cellulose, and the like; and other like 
substances. Preferably, the water-soluble support layer 
will dissolve within about 1-14 days, preferably about 
2-4 days, after implantation of the implant precursor. 
[0078] In cases where It is desired to promote tissue 
Ingrowth Into a substrate In the implant site, it is pre- 
ferred that the support layer comprises a porous mate- 
rial which has a relatively longer rate of degradation. 
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Suitable materials Include, for example, a polylactic add 
material typically applied to molar extraction sites to in- 
hibit dry sockets, as for example, Drilac™ which Is com- 
mercially available from THM Biomedical, Inc. and a hy- 
droxyapatlte material such as Interpore 200 which is 
commercially aval labia from Interpore international. Ad- 
vantageously, a support layer made of a porous material 
such as polylactic acid or hydroxyapatite, allows the 
blood to infiltrate and clot within the matrix which pro- 
vides a source of nutrients to promote tissue ingrowth. 
It is noted that tissue Ingrowth Into the support matrix 
will eventually break down the support layer. 
Kit for forming an Implant precursor . The Invention also 
includes a kit for forming an implant precursor ex vivo. 
The kit includes, in combination, (i) a precursor-fonning 
apparatus, as described hereinabove, which is prefera- 
bly a two-part apparatus hinged along one side; (II) one 
or more spacer means for maintaining a gap or space 
between the two halves of the apparatus, for example, 
a washer, rod, block, and the like; (iii) one or more vials 
or other like means containing the aforedescrlbed poly- 
mer solution; and (iv) one or more vials or other like 
means containing a source of aqueous medium such as 
water, phosphate buffered saline, and the like. The kit 
may further include a tweezers or other like means for 
lifting and holding the formed implant precursor; a de- 
vice for measuring the dimensions of the tissue defect 
and/or the Implant precursor, as for example, a calibrat- 
ed tweezers and the like; a gridded template and other 
like means for measuring the dimensions of the Implant 
precursor; a scalpel, razor blade or other like means for 
trimming and sizing the implant precursor; and/or a cot- 
ton pad or like other means for removing the aqueous 
medium from the surface of the Implant precursor. 

Use of the implant Precursor 

[0079] The implant precursor may be used for treating 
a variety of tissue defects. The implant precursor may 
be applied to an implant site in an animal, such as a 
void, a defect, surgical Incision, and the like, in a hard 
or soft tissue, by known surgical techniques. 
[0080] Preferably, once placed in the implant site, the 
Implant precursor will be substantially coagulated to a 
solid but moldable matrix, within about 0.5-4 hours, 
more preferably about 0.75-3 hours, even more prefer- 
ably about 1-2 hours. 

[0081] For example, the implant precursor may be 
used in a method for treating a bone tissue defect such 
as an arm or leg bone fracture, a tooth defect, and the 
like. Preferably, the bone tissue is surgically separated 
from the adjacent soft tissue to expose the defect, and 
the Implant precursor is placed Into the bone defect, 
whereupon the implant precursor hardens in situ to a 
solid implant. 

[0082] In a prefen^ed use according to the invention, 
the implant precursor may be used as a barrier system 
for guided tissue regeneration. The implant precursor is 



formed outside the body of the animal and then admin- 
istered to an Implant site such as a tissue with a void 
such as a periodontal pocket, a soft-tissue defect, a sur- 
gical incision, a bone defect and the like. Once admin- 

5 istered to the tissue regeneration site, the Implant pre- 
cursor will solidify to form a solid, microporous matrix 
that provides a surface over which the cell may grow. To 
enhance regeneration of a hard tissue such as bone tis- 
sue, It Is preferred that the solid implant matrix provides 

10 support for new cell growth that will replace the matrix 
as it becomes gradually absorbed or eroded by body 
fluids. 

[0083] One example of using the Implant precursor as 
a barrier system is In the treatment of a periodontal dis- 

15 ease. For such treatment, the gingival tissue overlying 
the root of the tooth is surgically incised from the tooth 
root and bone to form a gingival tissue envelope or pock- 
et, and an Implant precursor is placed Into the pocket 
and against the bone. After placement, the tissue is su- 

20 tured to close the pocket, and the implant precursor is 
allowed to harden to a solid, microporous Implant. 
[0084] The implant precursor may be manipulated in 
the implant site to conform it to the contours of the tissue 
defect. For example, in a periodontal defect, the gingival 

25 tissue flap maybe urged over the solidifying implant ma- 
trix placed against the exposed root and bone, and pres- 
sure applied to the surface of the overlying tissue onto 
the solidifying matrix. The solidifying matrix Is malleable 
and such manipulation shapes the implant on one side 

30 to confomn to the tissue defect and on the other side to 
the contours of the overlying tissue. The tissue may be 
retracted to assess the profile (i.e., shape) of the implant 
matrix and, optionally, additional amounts of the poly- 
mer solution may be added to build up the matrix and 

35 fill in Irregularities as needed. In cases where the implant 
precursor Is too large, a portion of the congealing matrix 
may be cropped along the edges of the overlying tissue, 
as for example, just above the gum line of a gingival tis- 
sue pocket. The tissue may then be secured in place 

40 over the Implant matrix, as for example, by suturing the 
tissue at either end of the pocket to hold the tissue and 
implant in place. 

[0085] To aid In the adhesion of the implant precursor 
to the surface of the tissue defect, a bead or coating of 
45 the foregoing polymer solution may be applied over the 
defect to provide a tacky surface. The implant precursor 
or liquid polymer solution may then be applied to the sur- 
face of bead or coating. 

[0086] The implant precursor may be used for attach - 
50 ing a skin graft to underiying tissue of a wound; and such 
use of the implant precursor helps prevent seroma or 
hematoma formation, and speed the healing process. 
Preferably, the Implant precursor Includes a topical an- 
tibiotic agent. 

55 [0087] The implant precursor may also be used to en- 
hance closure of a surgical incision as, for example, an 
Incision through the sternum for open heart surgery, by 
stabilizing the sternum and promoting healing. In such 
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w use, the Implant precursor Is applied to the two sides of 
the sternum prior to closure of the sternum with metal 
wires and/or sutures. Preferably, the Implant precursor 
Includes a growth factor and/or an antibiotic agent. 
[0088] Advantageously, the implant precursor pro- s 
vides a means of adhering an implant article to a tissue 
generally covered with a mucous layer, as for example, 
a gingival tissue. Also, the implant precursor provides 
for the application of a liquid polymer solution in an im- 
plant site without the uncontrolled flow of liquid into ar- io 
eas other than those identified for treatment. For exam- 
ple, in the treatment of a periodontal defect, use of the 
present implant precursor will advantageously avoid the 
accumulation of a polymer solution into spaces between 
tooth roots and the periodontal region where the liga- 
ment cells are located. The present precursor implant 
also facilitates a better match of a barrier Implant in a 
tissue defect site than other devices known and used in 
the art. 

[0089] The microporous polymer matrix of the implant 20 
is capable of biodegradatlon, bloeroslon and/or bioab* 
sorption within the implant site of the animal. The par- 
ticular polymer and the molecular weight of the polymer 
may be varied according to the desired duration or time 
Interval for maintaining the solid polymer matrix within 25 
the implant site, as for example, a few days or weeks to 
several years. When the implant is used to enhance cell 
growth and tissue regeneration, it is preferred that the 
polymer matrix will disintegrate at a rate effective to al- 
low displacement of the matrix by cell growth from the so 
adjacent cells or tissue. 

[0090] Fonnulation of the liquid polymer solution for 
preparing the implant precursor, and administration of 
the implant precursor in v/Vo will ultimately be according 
to the judgment and protocol of the patients attending 35 
health care professional such as a physician, or if ap- 
propriate, a dentist. Choice of the particular fomiulatlon 
of ingredients will be made by the attending health care 
professional. Without a bioactive agent, the solid im- 
plant resulting from the Implant precursor can function 40 
as a stnjcture for promotion of cell growth and tissue 
repair. With a bioactive agent, the implant will not only 
function in such capacity but will also convey the prop- 
erties of the bioactive agent. 

[0091] The amounts and concentrations of ingredi- 
ents In Implant precursor administered to the patient will 
generally be effective to accomplish the task intended. 
If that task Is to fill a void space, an implant precursor of 
an appropriate size and an effective amount of Ingredi- 
ents will be administered to accomplish this task. For so 
administration of a bioactive agent, the amounts and re- 
lease rates will follow recommendations of the manu- 
facturer of the bioactive agent. Generally, the concen- 
tration of a bioactive agent in the liquid polymer solution 
will be about 0.01 -400 mg per gram of polymer solution. S5 
[0092] The invention will be described with reference 
to various specific and preferred embodimente and 
techniques. However, It should be understood that many 



variations and modifications may be made while remain- 
ing within the spirit and scope of the invention. 

EXAMPLE 1 

Ex vivo Formation of. an Implant Precursor with a 
Porous Polyethylene Substrate 

[0093] A polymer mixture comprising about 37% poly 
(DL-lactlde)(DL-PLA) and about 63% N-methyl-2-pyrro- 
lidone (NMP) was prepared. The DL-PLA had a molec- 
ular weight of about 65,000 daltons (inherent viscosity 
In chlorofomn of about 0.50 dUg), Polypropylene con- 
tainers were filled with this polymer mixture such that 
each contained about 0.8 g of the polymer mixture. 
These filled containers were then sterilized by exposure 
to gamma radiation at a level of 25-35 kGy, which result 
In a final molecular weight of the DL-PLA of about 
38,000 daltons (inherent viscosity in chloroform of about 
0.34 dL/g). 

[0094] The apparatus diagrammed in FIGURE 2 was 
used to fonn an implant precursor from the liquid poly- 
mer mixture. The porous polyethylene substrates on 
each side of the case were saturated with about 2.5 mL 
of sterile saline. Two polypropylene spacers were 
placed on the porous polyethylene substrate on the low- 
er half of the case (nearest to the trimming grid) such 
that they were parallel to the hinge of the case and 
against the edges of the porous polyethylene substrate. 
A filled container of the polymer mixture was opened, 
and the contents (approximately 0.6 g) were expelled 
onto the center of the porous polyethylene substrate be- 
tween the spacers. The case was closed and latched, 
and was then reopened after six minutes. The semi-rigid 
article was removed from the porous polyethylene sub- 
strate, placed onto the attached trimming area, and 
trimmed to size using a sterile razor blade. 
[0095] The implant precursor was examined visually; 
it was opaque, semi-rigid, and flexible. The implant pre- 
cursor had a two-part structure which consisted of a ge- 
latinous, semi-rigid outer layer and a more liquid center 
core. Chemical analysis Indicated that the implant pre- 
cursor contained about 58% NMP. 

EXAMPLE 2 

!n Vitro Formation of an Implant Precursor 

[0096] An Implant precursor was fomned as In Exam- 
pie 1 above, except that the case remained closed for 
eight minutes. This article was more rigid than the article 
from Example 1 above. 

EXAMPLES 

!n Vitro Formation of an Implant Precursor 
[0097] An Implant precursor was fomned as In Exam* 



13 



25 



EP 0 649 662 B1 



26 



pie 1 above, except that the case remained closed for 
four minutes. This article was less rigid than the article 
from Example 1 above. 

EXAMPLE 4 5 

In Vitro Formation of an Implant Precursor with a 
Glass Substrate 

[0098] Two spacers with approximate thicknesses of io 
430 ^m were constructed by gluing two sets of three 
glass microscope cover slips together. These were 
placed on a glass microscope slide leaving a space be- 
tween them. Approximately 0.3 g of the same polymer 
mixture as in Example 1 was then dispensed onto the is 
microscope slide between the spacers using a syringe. 
An atomizer was used to spray the polymer mixture with 
water three times. After 30 seconds the water spraying 
was repeated. After an additional 30 seconds, another 
microscope slide was sprayed with water and then so 
pressed onto the coagulating polymer mass and the 
spacers. This second microscope slide was held in 
place for 60 seconds and then removed. The coagulat- 
ing polymer mass was then sprayed with water three 
times and allowed to set for 60 seconds. The three water 
sprays and 60 second set was then repeated. The glass 
microscope slide and the coagulating polymer mass 
were then placed over a grid of 1 mm squares. A sterile 
razor blade was then used to trim the polymer mass to 
the desired size and shape. The cut piece was then 30 
sprayed with water three times and allowed to set for 60 
seconds. The excess water was then removed using a 
gauze pad. The opaque and flexible implant precursor 
was then ready for Implantation. 

35 

EXAMPLE 5 

/n Vitro Formation of an Implant Precursor with a 
Glass Substrate 



40 

[0099] A 2 inch x 3 Inch microscope slide with a 20 
mm X 20 mm graph inscribed on the underside is placed 
on a 2 Inch x 3 inch x 1/4 Inch Gray-Lite #14 daric baclc- 
ground glass. On the top side of the microscope slide 
were placed 1 Inch diameter 750 micron stainless steel <s 
washers. A washer is placed on the left and right of the 
inscribed graph. A polymer mixture prepared as de- 
scribed In Example 1 was then layered over the micro- 
scope slide and smoothed to remove any bubbles or un- 
even areas. Sterile isotonic saline was carefully dropped so 
onto the middle of the liquid polymer layer where it 
flowed laterally to cover the entire film. The saline was 
allowed to stay in contact with the polymer mixture for 
1 minute at which time the outside surface or skin be- 
came opaque. The excess saline was then carefully re- ss 
moved by air spray or sponge and the entire process 
repeated again with addition of more polymer mixture 
and saline to coagulate the polymer. After the second 



layer had set for 1 minute, a 1 inch x 3 Inch regular mi- 
croscope glass slide moistened with saline solution was 
placed over the polymer mixture and compressed to the 
height of the stainless steel washers (750 nm). Addition- 
al saline was added to the edge of the regular micro- 
scope glass slide to saturate the underside of the slide. 
The compressed material was allowed to set for 1 0 more 
minutes. The regular microscope slide and washers 
were then removed and the implant precursor film was 
cut with a single razor blade to the dimensions of the 
periodontal defect. 

EXAMPLE 6 

Application of an Implant Precursor to a Periodontal 
Defect 

[0100] A mandibular first molar of a 65-year old man 
was selected for treatment because of long-standing 
pocket depth and furcation involvement. During surgery, 
a full-thickness periodontal flap was elevated, the defect 
scaled and root planed, and the dimensions of the defect 
measured. A customized implant precursor bamer 
membrane prepared according to Example 5 was ap- 
plied over the periodontal defect so as to approximate 
the level of the crown margin and overiay the osseous 
margins by 2 to 3 mm. The precursor material adhered 
directly to the tooth and bone without the need for su- 
turing in place. The buccal flap was replaced over the 
defect and the implant precursor and sutured to the lin- 
gual tissue. A periodontal dressing material was applied 
to the surgical area and systemic antibiotic therapy was 
used for 7 days. After one week, the fully fornied ban^ier 
was in place. At one month, the barrier was also present 
but displaced buccally from the tooth surface because 
of the fonnation of granulation tissue between the bar- 
rier and the root surface. At the 6-month examination, 
the barrier was no longer evident and epithelium had 
grown over the former area of granulation tissue. The 
clinical probing measurements at this time showed that 
the periodontal pocket depth had decreased from 5 mm 
to 2 mm and the level of attachment of tissue to the tooth 
had Increased from 7 mm to 4 mm. The horizontal fur- 
cation depth had also decreased from 5 mm to 3 mm. 
All clinical measurements indicated good tissue regen- 
eration at the defect site. 

EXAMPLE 7 

Treatment Using an Implant Precursor in 
Combination with a Support Layer 

[0101] A polymer mixture may be prepared as de- 
scribed in Example 1 . A thigh bone of an anesthetized 
male rat may be surgically incised to create a defect. 
Granules of Surglcei™ oxidized cellulose may be ap- 
plied to the defect to stop the bleeding and to fill in the 
defect. A precursor Implant prepared as described In Ex- 
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i. ample 1 may be applied over the surface of the Surgl- 
cei™ support layer. The tissue is then replaced and su- 
tured in place. The implant precursor will further solidify 
to a solid barrier matrix. 

5 

EXAMPLE 8 

Treatment with an Implant Precursor Comprising a 
Biological Agent 

10 

[0102] A polymer mixture may be prepared as de- 
scribed in Example 1 . To this mixture may be added 5% 
by weight doxycycline hyclate. An implant article may 
then be prepared from the drug/polymer mixture as de- 
scribed in Example 1 . The implant article may be placed is 
into a periodontal defect as described in Example 6. The 
doxycycline will be dispensed from the solid banler im- 
plant as It degrades and provide protection against bac- 
terial infection. 



Claims 

1 . An implant precursor for implantation in a tissue de- 
fect In an animal, comprising: 2s 
a two-part structure composed of an outer sac and 

a liquid content; the implant precursor comprising a 
mixture of a biocompatible, biodegradable, water- 
coagulable themnoplastic polymer, and a phamna- 
ceutically-acceptable, water-soluble organic sol- so 
vent. 

2. Theimpiantprecursoraccordingtoclaim 1, wherein 
the liquid content of the implant precursor has a 
consistency ranging from watery to viscous, and the 3S 
outer sac has a consistency ranging from gelati- 
nous to waxen-like. 

3. The implant precursor according to claim 1 or 2, 
wherein the implant precursor is capable of revert- 40 
ing to an all-liquid form after about 30-90 minutes 
within being formed, and without subsequent con- 
tact with an aqueous medium. 

4. The implant precursor according to any of the 45 
claims 1 to 3, wherein the themioplastic polymer Is 
selected from the group consisting of polylactides, 
polyglycolides, polycaprolactones, polyan hydrides, 
polyamldes, polyurethanes, polyesteramides, poly- 
orthoesters, polydloxanones, polyacetals, poiyket- so 
als, polycarbonates, polyorthocarbonates, 
polyphosphazenes, polyhydroxybutyrates, polyhy- 
droxyvalerates, polyalkylene oxalates, poly- 
alkylene succinates, polymalic acid, polyamino ac- 
ids, polymethyl vinyl ether, chltin, chitosan, and co- 55 
polymers, terpolymers, and any combination there- 
of. 



662 B1 28 

5. The Implant precursor according to claim 1 , wherein 
the solvent Is selected from the group consisting of 
N-methyl-2-pyn-olidone, 2-pyrrolidone, ethanol, 
propylene glycol, propylen carbonate, acetone, 
acetic acid, ethyl acetate, ethyl lactate, methyl ac- 
etate, methyl ethyl ketone, dimethylfomiamide, 
dimethyl sulfoxide, dimethyl sulfone, tetrahydro- 
furan, caprolactam, decylmethylsulf oxide, oieic ac- 
id, N,N-diethyl-m-toluamide, and 1-dodecylazacy- 
cloheptan-2-one, and any combination thereof. 

6. The implant precursor according to claim 1 , further 
comprising a pore-forming agent selected from the 
group consisting essentially of a sugar, a salt, a wa- 
ter-soluble polymer, and a water-insoluble sub- 
stance that rapidly degrades to a water soluble sub- 
stance. 

7. The implant precursor according to claim 1 , further 
comprising a blologically-actlve agent selected 
from the group consisting of an antibacterial agent, 
an antifungal agent, and an antiviral agent. 

8. The implant precursor according to claim 1 , further 
comprising a biologically-active agent selected 
from the group consisting of an anti-inflammatory 
agent, an antiparasitic agent, anti-neoplastic agent, 
an analgesic agent, an anaesthetic agent, a vac- 
cine, a central nervous system agent, a growth fac- 
tor, a hormone, an antihistamine, an osteoinductive 
agent, a cardiovascular agant, an anti-ulcer agent, 

■ a bronchodilating a^ent, a vasodilating agent, a 
birth control agent, and a fertility-enhancing agent. 

9. The implant precursor according to claim 1 , further 
connprising a bone growth promoting substance. 

10. The implant precursor of claim 9, wherein the bone 
promoting substance Is bone morphogenic proteiri. 

11. The implant precursor of claim 9, wherein the bone 
growth promoting substance is hydroxyapatite. 

12. The implant precursor according to claim 1 , further 
comprising a release rate modification agent for 
controlling the rate of release of a bloactive agent 
in vivo from the implant matrix. 

13. The Implant precursor according to claim 12, 
wherein the release rate modification agent is se- 
lected from the group consisting of an ester of a 
monocarboxytic acid, an ester of a dicarboxylic ac- 
id, an ester of a tricarboxylic acid, a potyhydroxy al- 
cohol, a fatty acid, a triester of glycerol, a sterol, an 
alcohol, and any combination thereof. 

14. Th implant precursor according to claim 13, 
wh rein the release rat modification agent Is se- 
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lected from the group consisting of 2-ethoxyethyl 
acetate, methyl acetate, ethyl acetate, diethyl 
phthalate, dimethyl phthalate, dibuty! phthalate, 
dimethyl adipate, dimethyl succinate, dimethyl 
oxalate, dimethyl citrate, triethyl citrate, acetyl trib- 
utyl citrate, acetyl triethyl citrate, glycerol triacetate, 
di(n-butyl) sebecate, propylene glycol, polyethyl- 
ene glycol, glycerin, sorbitol, triglyceride, epoxi- 
dized soybean oil, cholesterol, a Cg-C^a a'kanol, 
2-ethoxyethanol, or any combination thereof. 

15. The implant precursor according to claim 13, 
wherein the release rate modification agent Is se- 
lected from the group consisting of dimethyl citrate, 
triethyl citrate, ethyl heptanoate, glycerin, hexane- 
diol, and any combination thereof. 

16. A method of making an ex vivo Implant precursor, 
comprising: 

(a) applying an effective amount of an aqueous 
medium to a surface of a solid support sub- 
strate to fomri an aqueous layer; 

(b) dispensing an effectlvB amount of a liquid 
polymer solution onto the aqueous layer; the 
polymer solution comprising a water-coagula- 
ble, biocompatible, biodegradable thermoplas- 
tic polymer and a water-mlsclble, phannaceu- 
tically-acceptable organic solvent; 

(c) applying an effective amount of an aqueous 
medium onto the surface of the polymer solu- 
tion; and 

(d) allowing the polymer adjacent the aqueous 
medium to coagulate to form the implant pre- 
cursor comprising a two-part stmcture com- 
posed of an outer sac and a liquid content; 

the amount of aqueous medium applied in steps (a) 
and (c) being effective to cause surface coagulation 
of the polymer to form the outer sac of the implant 
precursor 

17. The method according to claim 16, further compris- 
ing step (e) of maintaining the implant precursor at 
a thickness of about 400-1500 ^m. 

18. The method according to claim 16 or 17, wherein 
the thickness of the implant precursor is maintained 
by compressing the coagulating polymer solution 
during step (d). 

19. Themethodaccordingtoany oftheclaims 16to 18, 
wherein the support substrate comprises glass, po- 
rous plastic, sintered stainless steel, porcelain, 
bone material, bone, oxidized cellulose foam, bio- 
compatible polymer foam, particles of biocompati- 
ble polymer, tricalcium phosphate and blood mate- 
rials. 



20. The method according to any of the claims 1 6 to 1 9, 
further comprising prior to step (a), the steps of: 

(i) applying a minor but effective amount of an 
5 aqueous medium as a layer on the surface of 

the support substrate; 

(ii) dispensing an effective amount of a polymer 
solution onto the aqueous layer to fomi a line 
defining an area thereon; the polymer solution 

10 comprising a biocompatible, biodegradable, 

water-coagulable thermoplastic polymer, and a 
phannaceutically- acceptable, water-soluble 
organic solvent; 

(III) applying an effective amount of an aqueous 
medium to the surface of the line; and 
(iv) allowing the polymer to coagulate to form a 
boundary line comprising a two-part structure 
composed of an outer sac with a liquid content; 

20 wherein the implant precursor is fomied on the sup- 
port substrate within the area confined by the 
boundary line. 

21 . The method according to any of the claims 1 6 to 20, 
25 further comprising prior to step (a), the step of pre- 
paring a support layer, the support layer comprising 
a bioabsorbable or bioerodible material; 
wherein the Implant precursor Is formed on the sur- 
face of the support layer 

30 

22. The method according to claim 21 , wherein the sup- 
port layer comprises a polymer solution coated onto 
the surface of the tissue defect; the polymer solution 
comprising a biocompatible, biodegradable, water- 

35 coagulable thermoplastic polymer, and a pharma- 
ceutically-acceptable, water-miscible organic sol- 
vent. 

23. The method according to claim 22, further compris- 
40 ing incorporating a gas-forming agent Into a poly- 
mer solution, and fomnlng the support layer as a po- 
rous, foam-like structure. 

24. The method according to claim 21 , wherein the sup- 
45 port layer comprises a natural body substance. 

25. The method according to claim 21 , wherein the sup- 
port layer comprises clotted blood. 

50 26. The method according to claim 21 , wherein the sup- 
port layer comprises an oxidized cellulose or gela- 
tin. 

27. The method according to claim 21 , wherein the sup- 
55 port layer comprises a water-soluble polymer 

28. The method according to claim 21 , wherein the sup- 
port layer comprises tricalcium phosphate, calcium 
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sulfate or hydroxyapatite. 

29. The method according to claim 27, wherein the sup- 
port layer consisting of polylactldes, polygfycolldes, 
polycaprolactones, polyanhydrldes, polyamides, s 
polyurethanes, polyesteramides, polyorthoesters, 
polydioxanones, polyacetals, polyketals, polycar- 
bonates, polyorthocarbonates, polyphosphazenes, 
polyhydroxybutyrates, polyhydroxyvalerates, poly- 
alkylene oxalates, polyalkylene succinates, poly- io 
malic acid, polyethylene glycol, hydroxypropyl cel- 
lulose, polyvinyl pyrrolldone, polyamino acids, 
polymethyl vinyl ether, chitin, chltosan, and copoly- 
mers, terpolymers, and any combination thereof. 

15 

30. An apparatus for forming an implant precursor, 
comprising: 

(a) hydrophillc, porous support means for main- 
taining a polymer solution thereon during for- 20 
mation of an implant precursor; 

(b) hydrophilic, porous means for compressing 
the polymer solution during formation of the im- 
plant precursor; and 

(c) means for hinging the support means to the 25 
compressing means; 

the hinging means being positioned along one 
edge of the support means and the compress- 
ing means; wherein the compressing means 
may be pivoted and placed onto the polymer 30 
solution on the support means. 

31. A kit comprising, in combination: 

(a) an apparatus for forming an implant precur- 35 
sor ex vivo, comprising: 

(i) nydrophilic, porous support means for 
maintaining a polymer solution thereon 
during formation of an implant precursor, 40 

(ii) hydrophilic, porous means for com- 
pressing the polymer solution during for- 
mation of the implant precursor; and 

45 

(III) means for hinging the support means 
to the compressing means; 

the hinging means being positioned along one 
edge of the support means and the compress- so 
ing means; wherein the compressing means 
may be pivoted and placed onto the polymer 
solution on the support means; 

(b) at least one spacer means for maintaining 

a gap between the support means and com- ss 
pressing means of the apparatus when the 
compressing mean is pivoted and placed on the 
support means; 



(c) a vial containing a polymer mixture compris- 
ing a biocompatible, biodegradable, water-co- 
agulabiethennoplastic polymer, and apharma- 
ceutlcally-acceptable, water-miscible organic 
solvent; and 

(d) a vial containing a source of an aqueous me- 
dium. 

32. The kit according to claim 31, further comprising 
one or more items (e)-(i): 

(e) means for lifting and holding the formed im- 
plant precursor; 

(f) means for measuring the dimensions of the 
tissue defect or the implant precursor, 

(g) a gridded means for measuring the dimen- 
sions of the Implant precursor; 

(h) means for cutting the Implant precursor; or 

(i) means for removing the aqueous medium 
from the surface of the implant precursor. 



PatentansprQche 

1. EIn Implantatvorproduktzur Implantation in einem 
Gewebedefekt in einem Lebewesen, umfassend ei- 
nezweiteillge Struktur, die aus einem auBeren Sack 
und einem flQsslgen Inhalt zusammengesetzt 1st, 
wobei das Implantatvorprodukt eine l\/lischung aus 
einem biokompatiblen, biologisch abbaubaren, 
wasserkoagullerisaren thermoplastischen Polymer 
und etnem phamiazeutisch akzeptablen, wasser- 
Idslichen organischen Losemittel umfaBt. 

2. Das Implantatvorprodukt nach Anspruch 1 . bei dem 
der flussige Inhalt des Implantatvorprodukts eine 
Konsistenz hat, die von w3ssrlg bis viskos relcht, 
und der auBere Sack eine Konsistenz hat, die von 
gelatines bis wachsartig relcht. 

3. Das Implantatvorprodukt nach Anspruch 1 oder2, 
bei dem das Implantatvorprodukt fahig ist, sich in 

. eine voilstfindlg flussige Fomfi zurtick zu verwan- 
deln nach ungefahr 30 bis 90 Min. nach seiner Bil- 
dung und ohne nachfolgenden Kontakt mit einem 
wassrigen Medium. 

4. Das Implantatvorprodukt nach einem der Ansprii- 
che 1-3, bei dem das thermoplastlsche Polymer 
ausgewahit ist aus der Gruppe bestehend aus Po- 
lylactiden, Polyglycoliden, Polycaprolactonen, Po- 
lyanhydrlden, Polyamiden, Polyurethanen, Poly- 
esteramiden, Polyorthoestern, Polydioxanonen, 
Polyacetalen, Polyketalen, Polycariaonaten, Poly- 
orthocarbonaten, Polyphosphazenen, Polyhydro- 
xybuty raten , Poly hy d roxyvaleraten , P o ly al ky- 
lenoxalaten, Polyalkylensuccinaten, Polyhydroxy- 
bemstelnsaure, Polyaminosauren, Polymethylviny- 
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lether, Chitin, Chitosan und Copolymeren, Terpoly- 
meren und irgendeiner Kombinatlon davon. 

5. Das Implantatvorprodukt nach Anspruch 1 , bei dem 
das Losemittel ausgewahit ist aus der Gruppe be- 5 
stehend aus N-Methyl-2-Pyrroiidon, 2-Pyrrolidon, 
Ethanol, Propylenglycol, Propylencarbonat, Ace- 
ton, Essigsaure, Ethylacetat, Ethyllactat, Methyla- 
cetat, Methylethylketon, Dimethylformamid, Dlme- 
thylsulfoxid, Dimethylsulfon, Tetrahydrofuran, Ca- io 
prolactan, Decylmethylsulfoxid, Olsaure, N,N- 
Diethyl-m-Toluamid und 1 -Dodecylazacyclohep- 
tan-2-on und irgendeiner Kombinatlon davon. 

6. Das implantatvorprodukt nach Anspruch 1 , welter- is 
hin umfassend ein porenbildendes Mittel ausge- 
wahit aus der Gruppe bestehend im wesentilchen 
aus einem Zucker, einem Salz, einem wasseriosil- 
chen Polymer und einer wasserunlosllchen Sub- 
stanz, die schnell zu elner wasserloslichen Sub- 20 
stanz abgebaut wird. 

7. Das Implantatvorprodukt nach Anspruch 1 , welter- 
hin umfassend einen biologisch aktiven Wirkstoff 
ausgewShIt aus der Gruppe bestehend aus einen 25 
antibakteriellen Wir1<stoff, einem antimykotischen 
Wirkstoff und einem antiviraien Wirkstoff. 

8. Das Implantatvorprodukt nach Anspruch 1 , weiter- 

hln umfassend einen biologisch aktiven Wirkstoff 30 
ausgewahit aus der Gruppe bestehend aus einem 
entzundungshemmenden Wirkstoff, einem antipa- 
rasitaren Wirkstoff, einem Antineoplasma-Wirk- 
stoff, einem analgetlschen Wirkstoff. einem anas- 
thetischen Wirkstoff, einem impfstoff, einem Wirk- 35 
stoff fur das zentrale Nervensystem, einem Wachs* 
tumsfaktor, einem Hormon, einem Antihistamin, ei- 
nem osteoinduktlven Wirkstoff, einem cardiovascu- 
laren Wirkstoff, einem Wirkstoff gegen Geschwure, 
einem Bronchien erweltemden Wirkstoff, einem ge- 40 
faBerweiternden Wirkstoff, einem Geburtenkon- 
troll-Wirkstoff und einem fruchtbarkeitssteigernden 
Wirkstoff. 

9. Das implantatvorprodukt nach Anspmch 1 , weiter- ^5 
hin umfassend eine das Knochenwachstum for- 
dernde Substanz. 

10. Das Implantatvorprodukt nach Anspruch 9, wobei 

die das Knochenwachstum fordernde Substanz ein so 
knochenmorphogenetlsches Protein ist. 

11. Das Implantatvorprodukt nach Anspruch 9, wobei 
die das Knochenwachstum fordernde Substanz Hy- 

droxyapatit ist. ss 

12. Das Implantatvorprodukt nach Anspruch 1, welter- 
hin umfassend einen die Frelsetzungsrate modifi- 



zierenden Wirkstoff zur Kontrolle dor Freisctzungs- 
rate eines biologisch aktiven Wirkstoffs in vivo aus 
der Implantatmatnx. 

13. Das Implantatvorprodukt nach Anspruch 12, worin 

der die Freisetzungsrate modifizierende Wirkstoff 
ausgewahit ist aus der Gruppe bestehend aus ei- 
nem Ester elner Monocarbonsaure, einem Ester el- 
ner DIcarbonsaure, einem Ester einer Tricarbon- 
saure, einem Polyhydroxyalkohol, einer Fettsaure, 
einem Triester des Glycerins, einem Sterol, einem 
Alkohol und irgendeiner Kombinatlon derselben. 

14. Das Implantatvorprodukt nach Anspruch 13, wobei 
der die Freisetzungsrate modifizierende Wirkstoff 
ausgewahit ist aus der Gruppe bestehend aus 
2-Ethoxyethylacetat, Methylacetat, Ethylacetat, 
Diethylphthalat, Dimethylphthalat, Dibutylphthalat, 
Dimethyladipat, Dimethylsuccinat, Dimethyloxalat, 
Dimethylcitrat, Triethyicitrat, Acetyltributylcitrat, 
Acetyltriethylcitrat, Glycerintriacetat, Di(n-Butyl)- 
Sebacat, Propylenglycol, Polyethylenglycol, Glyce- 
rin, Sorbitol, Triglycerld, epoxidlertes Sojabohnen- 
61, Cholesterin, einem Cg-C^g-Alkanol, 
2-Ethoxyethanol Oder elner Kombinatlon davon. 

15. Das Implantatvorprodukt nach Anspruch 13, worin 
der die Freisetzungsrate modifizierende Wirkstoff 
ausgewahit ist aus der Gruppe bestehend aus Di- 
methylcitrat, Triethyicitrat, Ethylheptanoat, Glyce- 
rin, Hexandlol und elner Kombinatlon derselben. 

16. Ein Verfahren zurHerstellung eines ex-vlvo-lmplan- 
tatvorprodukts umfassend 

(a) Aufbringung einer effektiven Menge eines 
wassrigen Mediums auf eine Oberflache eines 
festen Tragersubstrats, um eine wassrige 
Schichtzu bilden; 

(b) Verteilung einer effektiven Menge einerflus- 
slgen Polymerlosung auf die wassrige Schicht, 
wobei die Polymeriosung ein wasserkoagulier- 
bares, biokompatibles, biologisch abbaubares 
thermoplastisches Polymer und ein wasser- 
mischbares, phannazeutlsch akzeptables or- 
ganlsches Losemittel umfaBt; 

(c) Aufbringung einer effektiven Menge eines 
wassrigen Mediums auf die Oberflache der Po- 
lymerlosung und 

(d) Koagulierung des dem wassrigen Medium 
aniiegenden Polymers, um das Implantatvor- 
produkt zu bilden, das eine zweiteilige Struktur 
umfaBt, die aufgebaut Ist aus einem auBeren 
Sack und einem flussrgen Inhalt, wobei die 
Menge des wassrigen Mediums, das In den 
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Schrltten (a) und (c) angewandt wlrd, ausrei- 
chend ist, die Oberflachenkoagulation des Po- 
lymers hervorzurufen, urn den au3eren Sack 
des Implantatvorprodukts zu bilden. 

5 

17. Das Verfahren nach Anspruch 1 6, weiterhin umfas- 
send Schritt (e), in dem das Implantatvorprodukt bel 
einer Dicke von ungefahr 400-1500 gehalten 
wird. 

10 

18. Das Verfahren nach Anspruch 16 oder 17, bei dem 
die DIcke des Implantatvorprodukts aufrecht erhal- 
ten wird durch Zusammenpressen der koagulleren- 
den Polymerlosung wahrend des Schrittes (d). 

15 

19. Das Verfahren nach einem der Anspruche 16 bis 

1 8, bei dem das Tragersubstrat umfa3t Glas, poro- 
sen Kunststoff, gesinterten rostfreien Stahl, Porzel- 
lan, Knochenmaterial, Knochen, oxidierten Cellulo- 
seschaum, biokompatlblen Polymerschaum, Parti- 20 
kei eines biokompatiblen Polymers, Tricalciump- 
hosphat und Blutmaterlalien. 

20. Das Verfahren nach einem der Anspruche 16 bis 

19, weiterhin umfassend vor dem Schritt (a) die fol- 25 
genden Schritte: 

(I) Aufbringung einer gerlngen, aber effektiven 
Menge eines wassrigen l\^ediums in Form einer 
Schicht auf der Oberflache des Tragersub- 30 
strats; 

(li) Verteilung einer effektiven IS^enge einer Po- 
lymerlosung auf der wfissrigen Schicht, urn ei- 
ne Linie zu bilden, die eine Flache darauf defi- 35 
niert, wobei die Polymerlosung ein biokompa- 
tlbles, biologisch abbaubares, wasserkoagu- 
iierbares thennoplastisches Polymer und ein 
pharmazeutisch akzeptables wasserlosiiches 
organ isches Losemittel umfaBt; 40 

(iii) Aufbringung einer effektiven Menge eines 
wassrigen IVIedlums auf die Oberflfiche der Li- 
nie und 

45 

(iv) Koagullerung des Polymers, um eine 
Grenzlinie zu bilden, die eine zweitellige Struk- 
tur umfaQt, diezusammengesetzt ist aus einem 
au3eren Sack mit einem flusslgen Inhalt, wobei 
das Implantatvorprodukt gebildet wird auf dem so 
Tragersubstrat innerhalb der Flache, die durch 

die Grenzlinie beschrankt wird. 

21. Das Verfahren nach einem der Anspruche 16 bis 
20, weiterhin umfassend vor dem Schritt (a) den ss 
Schritt der Herstellung einer Tragerschlcht, wobei""* * 
die Tragerschlcht ein bioabsorbierbares oder bioe- 
rodierbares Material umfaBt und wobei das Implan- 



tatvorprodukt auf derOberflSche der Tragerschlcht 
gebildet wird. 

22. Das Verfahren nach Anspruch 21 , wobei die Tra- 
gerschlcht eine Polymerlosung umfaBt, die auf die 
Oberflache des Gewebedefekts aufgebracht ist und 
wobei die Polymerlosung ein blokompatibles, bio- 
logisch abbaubares, wasserkoagulierbares ther- 
moplastisches Polymer und ein phamnazeutisch ak- 
zeptables, wassemiischbares organisches Lose- 
mittel umfaBt. 

23. Das Verfahren nach Anspruch 22. weiterhin umfas- 
send die Inkorporation eines gasblldenden Mittels 
in die Polymerlosung und Bildung der Tragerschlcht 
als eine porose, schaumartige Struktur. 

24. Das Verfahren nach Anspmch 21 , wobei die Tra- 
gerschlcht eine naturliche Korpersubstanz umfaBt. 

25. Das Verfahren nach Anspruch 21 , wobei die TrS- 
gerschicht geronnenes Blut enthalt. 

26. Das Verfahren nach Anspruch 21 , wobei die Tra- 
gerschlcht eine oxidlerte Cellulose oder Gelatine 
enthalt. 

27. Das Verfahren nach Anspruch 21, wobei die Tra- 
gerschlcht ein wasserlosiiches Polymer enthalt 

28. Das Verfahren nach Anspruch 21 , wobei die Tra- 
gerschlcht Tricalciumphosphat, Calciumsulfat oder 
Hydroxyapatit enthalt. 

29. Das Verfahren nach Anspruch 27, wobei die Tra- 
gerschlcht besteht aus Polylactiden, Polyglycoli- 
den, Polycaprolactonen, Polyanhydriden, Polyami- 
den, Polyurethanen, Polyesteramiden, Polyorthoe- 
stern, Polydioxanonen, Polyacetalen, Polyketalen, 
Polycarbonaten. Polyorthocarbonaten, Polyphos- 
phazenen, Polyhydroxybutyraten, Polyhydroxyva- 
leraten, Polyalkylenoxalaten, Polyalkylensuccina- 
ten, Polyhydroxybemstelnsaure. Polyethylengty- 
col, Hydroxypropylcellulose, Polyvinylpyrrolidon, 
Polyaminosauren, Polymethylvinylether, Chitin, 
Chitosan und Copotymeren, Terpolymeren sowie 
Kombinationen davon. 

30. Ein Apparat zur Bildung eines Implantatvorpro- 
dukts, umfassend: 

(a) hydrophlle, porose TrSgermittel zur Auf- 
rechterhaltung einer Polymerlosung darauf 
wahrend der Bildung des Implantatvorproduk- 
tes; ^ 

(b) hydrophile, porose Mittel zur Komprimie- 
rung der Polymerlosung wahrend der Bildung 
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des Implantatvorprodukts und 

(c) Mittef zur Befestigung der Tragermittel an 
den Kompressionsmittein mit einem Scharnier, 
wobei die Mittel zur Befestigung entlang einer 5 
Kante der Tragemiittel und derKompressions- 
mittel angeordnet sind und wobei die Kompres- 
sionsmlttel drehbar gelagert sein l<6nnen und 
auf der Polymerlosung auf den Transportmit- 
teln plazlert warden konnen. io 

31. Eine Ausrustung umfassend in Kombination: 

(a) einen Apparat zur Blldung eines Implantat- 
vorprodukts ex vivo, umfassend is 

(i) hydrophiie, porose Tragermittel zur Auf- 
rechterhaltung einer Polymerlosung dar- 
auf wahrend der Bildung des implantatvor- 
produktes; 20 



(f) IVIittel zur i\/lessung der Dimenslonen des 
Gewebedefekts oder des Implantatvorpro- 
dukts; 

(g) gitterartige Mittel zur Messung der Dimen- 
sionen des Implantatvorprodukts; 

(h) Mittel zum Schneiden des Implantatvorpro- 
dukts Oder 

(i) Mittel zur Entfernung des wassrigen Medi- 
ums von der Oberflache des implantatvorpro- 
dukts. 



Revendications 

1. Precurseur d'implant pour rimplantatlon dans un 
tissu animal presentant une anomalie, 
comprenant : 



(ii) hydropliile, porose Mittel zur Kompri- 
mierung der Polymerlosung wahrend der 
Bildung des implantatvorprodukts und 

(iii) Mittel zur Befestigung der Tragermittel 
an den Kompressionsmittein mit einem 
Scharnier, wobei die Mittel zur Befestigung 
entlang einer Kante der Tragemiittel und 
der Kompressionsmittel angeordnet sind 
und wobei die Kompressionsmittel drehbar 
gelagert sein konnen und auf der Polymer- 
losung auf den Transportmitleln plaziert 
werden konnen, 

(b) wenigstens einen Abstandshalter zur Auf- 
rechterhaitung eines Spaits zwischen den Tra- 
gennitteln und den Kompressionsmittein des 
Apparats, wenn das Kompressionsmittel dreh- 
bar gelagert ist und auf den Tragermitteln an- 
geordnet ist; 

(c) ein Gef§l3 enthaltend eine Polymennl- 
schung umfassend ein biokompatibles, bioio- 
gisch abbaubares, wasserkoagulierbares ther- 
mopiastisches Polymer und ein phannazeu- 
tisch akzeptables, wassermischbares organi- 
sches Losemittei und 

(d) ein GefaB enthaltend eine Quelle eines 
wassrigen Mediums. 

32. Die Ausrustung nach Anspruch 31 , weiterhin um- 
fassend einen oder mehrere der Gegenstande (e) 
"(i): 

(e) Mittel zum Anheben und Halten des gebii- 
deten Implantatvorprodukts; 



une structure bipartite composee d'une poche 
exterieure et d'un contenu liqulde, le precur- 
seur d'implant comprenant un melange d'un 
25 polymere thermopiastique, coagulable dans 

I'eau, biodegradable et biocompatible, et d'un 
soivant organique hydrosolubie et phannaceu- 
tiquement acceptable. 

30 2. Precurseur d'implant selon la revendicatlon 1 , dans 
lequel le contenu liqulde du precurseur d'implant 
pr6sente une consistance qui varie d'une consis- 
tance aqueuse k une consistance visqueuse, et 
dans lequel la poche exterieure pr6sente une con- 

35 sistance qui varie d'une consistance gelatineuse a 
une consistance cireuse. 

3. Precurseur d'implant selon la revendication 1 ou 2, 
capable de revenir a une forme tout-!iquide dans les 

40 quelque 30 k 90 minutes que dure sa formation, et 
sans contact subsequent avec un milieu aqueux. 

4. Precurseur d'implant selon I'une quelconque des 
revendications 1 a 3, dans lequel le polymere ther- 
moplastique est choisi dans le groupe constitue de 
polylactides. de polyglycolides, de polycaproiacto- 
nes, de polyan hydrides, de polyamldes, de polyu- 
r6thanes, de polyesteramides, de polyorthoesters, 
de polydioxanones, de polyacetals, de polycetals, 

50 de polycarbonates, de polyorthocarbonates, de po- 
lyphosphazenes, de polyhydroxybutyrates, de po- 
lyhydroxyvaierates, d'oxalates de polyalkylene, de 
succinates de polyalkylene, d'acide polymalique, 
d'acides polyamines, d'ether polymethylvinyiique, 

55 de chitine, de chitosane et de copolymeres, terpo- 
lymeres et combinaisons quelconques de ceux-ci. 

5. Precurseur d'implant selon la revendication 1 , dans 
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lequet le solvant est choisi dans le groupe constjtu6 
de N-methyl-2-pyrrolldone, de 2-pyrrolidone, 
d'ethanol, de propyleneglycol, de carbonate de pro- 
pylene, d'ac6tone, d'aclde ac6tique, d'6thylac6tate, 
d'ethyllactate, de methylacetate, de methylethylce- 
tone, de dimethylformamide, de dimethylsulfoxyde, 
de dlm6thylsulfone, de t6trahydrofurane, de capro- 
lactame, de decylmethylsulfoxyde, d'acide ol6ique, 
de N,N-diethyl-m-toiuamide et de 1 -dodecylazacy- 
cloheptan-2-one, et de combinalsons quelconques 
de ceux-ci. 

6. Pr^curseur d'Implant selon la revendication 1 , com- 
prenant en outre un agent porog6ne choisi dans !e 
groupe constitue essentiellennent d'un sucre, d'un 
sel, d'un polymere hydrosoiuble et d'une substance 
insoluble dans i'eau, qui se decompose rapidement 
en une substance hydrosoiuble. 

7. Prdcurseur d'Implant selon la revendication 1 , com- 
prenant en outre un agent bioiogiquement actif 
choisi dans le groupe constitue d'un agent antibac- 
t^riePi d'un agent antifonglque et d'un agent antivi- 
ral. 

8. Precurseur d'Implant selon la revendication 1 , com- 
prenant en outre un agent bioiogiquement actif 
choisi dans le groupe constttu6 tfun agent anti-ln- 
flammatoire, d'un agent antiparasitaire, d'un agent 
antlneoplasique, d'un agent analgesique, d'un 
agent anesthesique, d'un vaccin, d'un agent du sys- 
teme nerveux central, d'un facteur de croissance, 
d'une honnone, d'un antihlstaminique, d'un agent 
ost6oinducteur, d'un agent cardio-vasculaire, d'un 
agent anti-ulcere, d'un agent bronchodilatateur, 
d'un agent vasodilatateur, d'un agent contraceptif 
et d'un agent fecondostlmulant. 

9. Precurseur d'impiant selon la revendication 1 , com- 
prenant en outre une substance favorisant la crois- 
sance osseuse. 

10. Precurseur d'Implant selon la revendication 9, dans 
lequel la substance favorisant la croissance osseu- 
se est une prot6ine morphogdnique osseuse. 

1 1 . Precurseur d'impiant selon la revendication 9, dans 
lequel la substance favorisant la croissance osseu- 
se est de i'hydroxy-apatite. 

12. Precurseur d'impiant selon la revendication 1 , com- 
prenant en outre un agent modiflant la vltesse de 
liberation pourcontr6ler la Vitesse de liberation d'un 
agent bioactif in vivo depuls la matrlce de I'implant. 

13. Precurseur d'impiant selon la revendication 12, ' 
dans lequel I'agent modiflant la vltesse de liberation 
est choisi dans le groupe constitue d'un ester d'un 



aclde monocarboxylique, d'un ester d'un acide di- 
carboxyiique, d'un ester d'un acide tricarfcoxylique, 
d'un polyol, d'un acide gras, d'un triester de glyce- 
rol, d'un sterol, d'un alcool. et de combinalsons 
s quelconques de ceux-ci. 

14. Precurseur d'impiant selon la revendication 13, 
dans lequel I'agent modiflant la vitesse de liberation 
est choisi dans le groupe constitue de 2-ethoxye- 

10 thylac6tate, de m§thylac6tate, d*6thylac6tate, de 
phtalate de diethyle, de phtalate de dimethyle, de 
phtalate de dibutyle, d'adipate de dimethyle, de suc- 
cinate de dimethyle. d'oxalate de dimdthyle, de ci- 
trate de dimethyle, de citrate de tri6thyle, d'ac^tyl- 

is citrate de tributyle, d'acetylcitrate de tri^thyle, de 
triacetate de glycerol, de sebacate de di(n-butyle), 
de propyleneglycol, de poly6thyl5neglycol. de gly- 
cerine, de sorbitol, de triglyceride, d'hulle de soja 
epoxydee, de cholesterol, d'un alcanoi en a C^2> 

20 de 2-ethoxyethanoI ou de comblnaisons quelcon- 
ques de ceux-ci. 

15. Precurseur d'impiant selon la revendication 13, 
dans lequel I'agent modiflant la vltesse de liberation 
est choisi dans le groupe constitue de citrate de di- 
methyle, de citrate de triethyle, d'heptanoate d'ethy- 
le, de glycerine, d'hexanediol et de combinalsons 
quelconques de ceux-cl. 

30 16. Precede de preparation d'un precurseur d'impiant 
ex vivo, comprenant ies etapes consistent k : 

(a) appliquer sur une surface d'un substrat de 
support solide une quantite efficace d'un milieu 

3S aqueux pour tomier une couche aqueuse ; 

(b) verser une quantite efficace d'une solution 
de polymere liquide sur la couche aqueuse, la 
solution de polymere comprenant un polymere 
thennoplastique biodegradable, biocompatible 
et coagutable dans I'eau et un solvant organi- 
que miscible dans I'eau et pharmaceutique- 
ment acceptable ; 

(c) appliquer en surface de la solution de poly- 
mere une quantite efficace d'un milieu aqueux ; 

45 et 

(d) laisser coaguter le polymere adjacent au mi- 
lieu aqueux pourformer le precurseur d'Implant 
presentant une structure bipartite composee 
d'une poche exterieure et d'un contenu liquide ; 

so 

la quantite du milieu aqueux applique dans ies 
etapes (a) et (c) etant efficace pour provoquer la 
coagulation superficielle du polymere et ainsi for- 
mer la poche exterieure du precurseur d'Implant. 

55 

17. Precede selon la revendication i 6, comprenant en 
outre I'etape (e) consistant k maintenir I'epaisseur 
du precurseur d'impiant entr environ 400 et 1 500 
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18. Procede selon la revendication 16 ou 17, dans le- 
quel r^paisseur du prdcurseur d'implant est main- 
tenue par compression de la solution de polymere 5 
coagulant au cours de I'etape (d). 

19. Procede selon runequelconquedesrevendications 
16 a 18, dans lequel le substrat de support com* 
prend du verre, du plastique poreux, de I'acier io 
inoxydable fritte, de la porcelalne, du materlau os- 
seux, de I'os, de la mousse d'oxycellulose, de la 
mousse de polymere biocompatible, des particules 

de polymere biocompatible, du phosphate tricalcl- 
que et des substances sanguines. is 

20. Proc6d6 selon Tune quelconque des revendications 
16^19. comprenant en outre avant I'etape (a) les 
stapes conslstant k : 

20 

(i) appiiquer une couche d'un milieu aqueux en 
quantite mineure mais efficace sur la surface 
du substrat de support ; 

(ii) verser sur la couche aqueuse une quantite 
efficace d'une solution de polymere pourtormer 25 
une ligne y definissant une zone, la solution de 
polymere comprenant un polymere thermo- 
plastique biodegradable, biocompatible et coa- 
gulable dans I'eau et un solvant organique so- 
luble dans I'eau et pharmaceutiquement 30 
acceptable ; 

(iii) appiiquer sur la surface de la ligne une 
quantite efficace d'un milieu aqueux ; et 

(Iv) lalsser coaguler le polymdre pour fomier 
une ligne de separation comprenant une struc- 35 
ture bipartite compos^e d'une poche extdrleure 
et d'un contenu liquide ; 

le precurseur d'implant etant ce falsant fonne 
sur le substrat de support dans les limites de la zone 4o 
circonscrite par la ligne de separation. 

21 . Precede selon I'une quelconque des revendications 
1 6 a20, comprenant en outre avant I'etape (a), I'eta- 
pe de preparation d'une couche de support, ia cou- -^5 
Che de support comprenant un materlau bioabsor- 
bable ou bioerodabie, dans lequel le precurseur 
d'implant est fonne en surface de la couche de sup- 
port. 

50 

22. Precede selon la revendication 21 , dans lequel ia 
couche de support comprend une solution de poly- 
mere appliquee sur la surface du tissu presentant 
une anomalie, la solution de polymere comprenant 

un polymere thermoplastique biodegradable, bio- 55 
compatible et coagulable dans I'eau et un solvant 
organique miscible dans I'eau et phamiaceutique- 
ment acceptable. 



23. Precede selon la revendication 22. comprenant en 
outre I'incoip oration dans une solution de polymere 
d'un agent gazogene et la fonnation de la couche 
de support sous fonme d'une structure poreuse de 
type mousse. 

24. Precede selon la revendication 21 , dans lequel la 
couche de support contient une substance corpo- 
relie naturelie. 

25. Procede selon la revendication 21 , dans lequel la 
couche de support contient du sang coagule. 

26. Precede selon la revendication 21 , dans lequel la 
couche de support contient une oxycellulose ou de 
la gelatine. 

27. Precede seion la revendication 21 , dans lequel la 
couche de support contient un polymere hydroso- 

luble. 

28. Precede selon la revendication 21 , dans lequel ia 
couche de support contient du phosphate tricaici* 
que, du sulfate de calcium ou de i'hydroxy-apatite. 

29. Procede selon ia revendication 27, dans lequel la 
couche de support est composee de polylactides, 
de polyglycolldes, de polycaprolactones, de poly- 
anhydrides, de polyamides, de polyurethanes, de 
polyesteramides, de polyorthoesters, de polydioxa- 
nones, de potyacetals. de poiycetals, de polycarbo- 
nates, de polyorthocarbonates, de polyphosphaze- 
nes, de polyhydroxybuty rates, de polyhydroxyvale- 
rates, d'oxalates de polyalkyiene, de succinates de 
polyalkylene, d'acide polymallque, de polyethylene- 
glycol, d'hydroxypropylcellulose, de pyrrolldone de 
polyvinyle, d'acldes polyamines, d'ether polyme- 
thylvinylique, de chitine, de chitosane et de copoly- 
meres, terpoiymeres et combinaisons quelconques 
de ceux-ci. 

30. Dispositif pour fomner un precurseur d'implant 
comprenant : 

(a) un moyen de support poreux et hydrophiie 
destine k supporter une solution de polymere 
au cours de la fomfiation d'un precurseur 

d'implant ; 

(b) un moyen poreux et hydrophiie decompres- 
sion de la solution de polymere au cours de la 
formation du precurseur d'implant ; et 

(c) un moyen de suspension du moyen de sup- 
port au moyen de compression ; ie moyen de 
suspension etant dispose le long d'un bord du 
moyen de support et du moyen de compres- 
sion, ou le moyen de compression peut etre pi- 
vote et place sur la solution de polymere sur le 
moyen de support. 
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31. Ensemble comprenant, en comblnaison : 

(a) un dispositlf pourformer un precurseurd'im- 
plant ex vivo comprenant : 

5 

(i) un moyen de support poreux et hydro- 
phlle destine k supporter une solution de 
polymere au cours de la formation d*un pre- 
curseur d'implant ; 

(li) un moyen poreux et hydrophlle de com- io 
pression de la solution de polymere au 
cours de la fomiatlon du precurseur 
d'Implant ; et 

(ill) un moyen de suspension du moyen de 
support au moyen de compression ; le is 
moyen de suspension etant dispose le long 
d'un bord du moyen de support et du 
moyen de compression, oCi le moyen de 
compression peut etre pivote et place sur 
la solution de polymere sur le moyen de 20 
support ; 

(b) au moins un moyen d^espacement destine 

a maintenir un espace intercalaire entre le 
moyen de support et le moyen de compression 
du dispositif lorsque le moyen de compression 
est pivote et place sur le moyen da support ; 

(c) un flacon contenant un melange de poiym^ 
re comprenant un polymere thermoplastique, 
coagulable dans Teau. biodegradable et bio- 
compatible, et un solvant organlque miscible 
dans I'eau et pharmaceutlquement 
acceptable ; et 

(d) un flacon contenant une source d'un milieu 
aqueux. 

32. Ensemble selon la revendication 31 , comprenant 
en outre un ou plusieurs des dl^ments (e) k (i): 

(e) un moyen de levage et de pr6hension du 40 
precurseur d'Implant fomnd ; 

(f) un moyen de mesure des dimensions du tis- 
su presentant une anomalie ou du precurseur 
d'Implant ; 

(g) un moyen k grille pour mesurer les dimen- 
sions du precurseur d'Implant ; 

(h) un moyen de d^oupe du precurseur 

d'imptant ; ou 

(i) un moyen pour debarrasser la surface du 
precurseur d'Implant du milieu aqueux. so 
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